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British Association for the 
Advancement of Science 


eo. British Association for the Advancement of 
Science, affectionately known in the United King- 
dom as ‘‘the British Ass,’’ held its 115th Annual Meet- 
ing in Liverpool, September 2-9, 1953, with some 3500 
scientific leaders and laymen attending. With the Univer- 
sity of Liverpool as institutional host, the city provided 
a wealth of excursions to intellectual and industrial estab- 
lishments and sponsored many dignified social functions. 
The meeting was opened with an academic pageant at 
which honorary degrees were conferred on Sir Edward 
Appleton, President of the Association’ and Nobelate in 
cosmic physics, Sir Harold Jeffreys, noted geophysicist, 
and Mr. Robert Birley, Headmaster of Eton. In his Presi- 
dential Address, delivered after the graduation ceremony 
and broadcast in the Home Service of the B.B.C., Sir 
Edward Appleton emphasized what is sometimes over- 
looked—that science has interest as well as utility, is 
illuminating as well as fruitful, can enlarge man’s hori- 
zons and invest the universe with deeper significance. His 
address won the enthusiastic thanks of Professor A. V. 
Hill, immediate Past President. 

Since the B.A.A.S. ‘‘aims to present science to the 
public,’’ the program of over 300 items contained some 
40 lectures and reports especially designed for students 
and laymen. These included the addresses of Section 
Chairmen, as well as special evening discourses on such 
subjects as’ Powered Flight, Mount Everest, and Science 
and the Unpredictable. A symposium on The Deep Sea 
Floor and the History of the Earth was arranged by the 
International Joint Commission on Oceanography, and 
included discussions on uranium in sea deposits, heat flow 
in the oceans, climatic change from deep sea cores, and 
oxygen content of deep waters. Probably because teaching 
exhibits are so generally a part of regular British science 
training, there were only a couple of special exhibits, on 
calculating machines, and on oil production, and practi- 
cally no commercial exhibits except books. 

Joint sessions were fruitfully arranged by several of 
the sections, These included considerations of cybernetics, 
underwater observations, the continental shelf, business 
decisions under uncertainty, time and motion, ruminant 
digestion, carotenoids, athletic training, afforestation, and 
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atmospheric pollution. Reflecting the practical industrial 
environment of the meeting were discussions on collabo 
ration of industries and universities in management train- 
ing, and on recruitment of scientists. Lord Dudley Gor- 
don, in commenting on the future of engineering, referred 
to such possible power sources as nuclear energy, tides, 
and gravity. Professor D. W. Harding emphasized the im- 
portance of psychology in scientific enterprise and social 
progress. Dr. T. Moore described sex differences in the 
distribution of carotene and vitamin A with variations 
in disease. Mr. B. J. Mason offered evidence that forma- 
tion of ice pellets in clouds gives rise to lightning. Pro- 
fessor F. W. Paish indicated that higher output per per- 
son employed is the best way to end inflation. Professor 
R. H. Kinvig reported no evidence of ‘‘racial’’ purity. 
Mr. J. R. Rossiter described the North Sea storm surge 
of January 31, 1953. Chemotherapy and antibioties were 
reviewed by Doctor B. A. Hems, Doctor F. L. Rose, and 
Professor B. G. Maegraith. Doctor R. Hurst discussed 
synthetic elements produced by nuclear reactors. Doctor 
C. T. Trechman analyzed the mountain uplift problem 
with an explanation based on lunar gravitation and 
oceanic pressure. Professor R. M. Gordon and Dr. W. E. 
Kershaw surveyed the spread of filariasis. Mr. J. D. Boat- 
man described organic decomposition in natural soils. 

The few details selected from 300 communications indi- 
eate the broad scope of section activities, and the clear 
endeavor to keep the program at a reasonable level of 
popular interest and understanding. This feature of 
B.A.A.8. meetings is reflected in the full reporting given 
in all the leading newspapers of the United Kingdom. As 
a result, there ‘is wide appreciation of and support for 
scientific endeavor in all parts of the British Isles, with a 
general atmosphere of respect for sound scientific achieve- 
ment in which the average citizen has a sense of partici- 
pation. 

The smooth functioning and pleasant social spirit of 
B.A.A.S. meetings are traditional, and are being well 
maintained by an efficient secretariat under the direction 
of Mr. David N. Lowe. Dr. E. D. Adrian, Master of Trin- 
ity College, Cambridge, was elected President for 1954. 
The annual meeting will be held in Oxford, September 
1-8. Scientists of the Americas who may be in England at 
the time will be cordially weleomed, and, if they attend, 
are certain to have a rewarding experience. 
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Newer Synthetic Structures 


of Interest as Tuberculostatic Drugs” 


H. Herbert Fox 
Hoffmann-La Roche Inc., Roche Park, Nutley, New Jersey 


HE in vitro growth of the tubercle bacillus is 
inhibited by an enormous range of organic 
compounds, few of which exhibit in vivo activ- 
ity. To merit classification as a tuberculostat 
of interest therefore, a compound should possess 
marked activity in vivo. This criterion has been used 
in the selection of compounds for diseussion in this 
paper. However, even within the narrow range of 
§ compounds possessing in vivo activity, assessment of 
§ tuberculostats is difficult because tests, techniques, and 
interpretations differ from laboratory to laboratory. 
It is not uncommon to have the same compound simul- 
taneously classified active and inactive by two dif- 
ferent sources. 
Illustrative of this difficulty is the report presented 
by H. J. White at the Gordon Research Conferences 
in August 1952. Using a mouse survival test with a 
bovine strain D, of tubercle bacillus, White found 
benzoylhydrazine I, 2-furoylhydrazine II, 2-thenoyl- 
hydrazine III, and 2-thiazolylhydrazine IV all active. 
When the tuberculostatic activity of pyrazinamide V 
was discovered, White put the compound through his 
test an@ failed to detect activity even in enormous 
doses. It was obvious therefore that the bovine strain 
D, was not suitable as a screening organism and a 
§ switch was made to human strain H37 Rv. With the 
§ latter strain, compounds I, II, and III were found to 
be inactive, compound IV was found still active, and 
pyrazinamide was, of course, also active. 


CONHNH, 


D, (bovine), active D,, active 
H37 Rv (human), inactive H37 Rv inactive 
I II 
N 
NH, 
—CONHNH, 
D,, active D,, active D,, inactive 
H37 Rv, inactive H37 Rv, active H37 Rv, active 
IV 


1 Based on a talk given before the Division of Medicinal 
Chemistry at the 123rd ACS National Meeting in Los Angeles, 
March 15-19, 1953. 

*Contribution No. 333 from the Research Laboratories, 
Hoffmann-La Roche Ine. 
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The importance of selecting the proper test organ- 
ism is further pointed up by the fact that Jouin and 
Buu Hoi (1) screened a large series of chemical com- 
pounds, using an im vitro test with an avian tubereu- 
losis organism, and missed thereby the antituberculosis 
activity of nicotinamide. 

Similarly, differences in test animals, and even in 
strains of the same test animal, produce important 
quantitative differences in the results obtained. In the 
light of these difficulties, the newer synthetic tubereu- 
lostats selected for discussion here are presented un- 
critically, i.e., without weighting the values assigned 
to them by the original investigator. 


ALIPHATIC AND IsocycLic COMPOUNDS 


The first notable successes in the search for agents 
active against tuberculosis were achieved with com- 
pounds of the benzenoid series. There have been sev- 
eral recent advances in the field which are claimed to 
merit attention. Two of these concern modifications of 
p-aminosalicylie acid (PAS). 

One of the principal drawbacks to PAS is the 
rapidity with which it is eliminated, making large and 
frequent doses necessary to maintain adequate blood 
levels. Various attempts have been made to overcome 
this deficiency, with only questionable success. In 1951, 
Freire, Rist, and Grumbach (2) announced the dis- 
covery of phenyl p-aminosalicylate VI, also known as 
Fr 7, as their solution to this difficulty. 


When administered parenterally in oil solution or 
aqueous suspension, the compound is supposedly ten 
times more active than PAS and approximately equal 
to streptomycin. Orally, it is rated no better than the 
parent PAS. The difference in parenteral vs oral ac- 
tivity is ascribed to the supposition that the insolu- 
bility of the compound via the parenteral route re- 
tards elimination and permits the development of 
higher bloed levels for prolonged periods, whereas, 
orally, it is hydrolyzed to PAS and hence is no better 
than the latter. The validity of the claim is questioned 
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by: Bavin et al. (3), who found the compound to be no 
better than PAS. 

Early this year, another modification of PAS has 
been proposed as a treatment for genitourinary tu- 
bereulosis (4). The compound, calcium p-benzamido- 
salicylate VII, is better than PAS in two respects; 
it produces a sustained and more uniform level of 
PAS in the blood and it is completely free of the side 
reactions that accompany the use of the latter drug. 
The compound has been given to tuberculosis patients 


CcO—O 


Vil 


in doses of 15 g/day at intervals of 8 hr and it has 
been intimated that the dose should probably be 
higher. Its in vivo activity is, therefore, apparently 
no better than that of PAS and, strangely enough, 
it is reported to be completely inactive in vitro. 

A report by Urbanski (5) in 1950 revealed that 
salicyloyl hydroxamic acid VIII was actively tubereu- 
lostatie in mice infected with strain H37 Rv. Issue 
was taken with this finding by Gardner, Wenis, and 
Smith (6), who prepared the compound and found it 
to be completely inactive. Apparently undaunted by 
this adverse judgment, Urbanski and his co-workers 
(7) recently reported on two new hydroxamie acid 
derivatives, namely, 3-bromosalicyloyl hydroxamic 
acid IX (T40) and 3-hydroxy-2-naphthoyl hydrox- 
amie acid X (T106). 


CO—NHOH CO—NHOH 


NHOH 
X (1106) 


In guinea pig survival experiments using tubercle 
bacilli of human strain H37 Rv, T40 is said to be 
almost on a par with streptomycin. Clinically, T40 is 
claimed to be effective in tuberculous meningitis, 
miliary tuberculosis, and pulmonary tuberculosis, and 
gives evidence of radiological improvement in eases 
of the last category. 
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Many changes have been rung on the Tibione strue- 
ture and most of these changes have been concerned 
with the subordinate grouping para to the thiosemi- 
carbazone moiety. None of the compounds so derived 
has as yet been shown-to be conclusively better than 
Tibione itself, though protagonists for one structure 
or another have appeared from time to time. Two new 
structures advanced within the past year are p-ethoxy- 
benzaldehyde thiosemicarbazone XI (8) and p-ben- 
zyloxybenzaldehyde thiosemicarbazone XII (9). The 
p-ethoxy derivative XI is the next higher homologue 
to Tb II, one of the preferred German formulations, 
and is not likely to be much different. The benzyloxy 
derivative XII is reported as being very active in 
guinea pigs infected with human strain H37 Rv but 
—what is particularly stressed—is its low order of 
toxicity. 

CH=NNHC—NH, 


CH=NNHC—NH, 
| 
| 

CH, 

OC.H, 

XI 
N 

XII 


It has been known for some time that naphtho- 
quinones in general, and the synthetic vitamin K, 
3-methyl-1,4-naphthoquinone (Menadione) XIII, in 
particular, possess in vitro antibiotic properties 
against a variety of organisms (10-12) including the 
tubercle bacillus (73, 174). It has also been known that 
phthiocol XIV, a compound structurally related to the 
synthetic vitamin Ks, is a normal component of the 
tubercle bacillus (15). This combination of facts has 
led Panisset and his co-workers (16) to investigate 
the in vivo activity of the synthetic vitamin Ks, Mena- 
dione XIII, and Synkayvite® (tetrasodium 2-methyl- 
1,4-naphthohydroquinone diphosporic acid ester) XV, 
in mice infected with M. tuberculosis var. hominis-H37 
Rv and with the bovine type (Ravenel strain), respec- 
tively. Their findings show that Menadione exerts a 
marked tuberculostatic effect against the human type 


* Trade name of Hoffmann-La Roche Inc. 
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XIII Menadione 


XIV Phthiocol 
O ONa 


O ONa 


XV Synkayvite 


of organism and that Synkayvite is active against the 
bovine type. In neither ease did the activity appear of 
a high order, but the compounds are of interest be- 
cause they may stimulate further work on the tubereu- 
lostatic possibilities of the quinoidal type of structure. 

The discovery of the antituberculous effect of the 
surface-active agents known as the Tritons* is an out- 
growth of an attempt to study the factors that in- 
fluence the susceptibility of mice to experimental tu- 
bereulosis (17). To effect an alteration in the body 
lipids, Triton A20 was injected intravenously in mice 
with a tuberculous infection. Unexpectedly, it was ob- 
served that the infection was markedly suppressed but 
further study shows Triton A20 to be too toxic. To 
cireumvent this diffieulty, a series of compounds of 
similar structure was synthesized and tested. Though 
none of these new compounds is of greater efficacy 
than Triton A20, some of them appear to be less toxic. 
According to the investigators, those compounds of 


OR OR OR 
| 
—CH, \—CH, 4 
| | 
N N 
| 
OCH,—C—OH, CH,C—CH, CH,C—CH, 
| | 
CH, | CH, CH, 
CH,—C—CH, | CH,C—CH, CH,C—CH, 
CH, CH, je CH, 
R=CH,CH,O—(CH,CH,O) 
XVI 


low molecular weight where n equals 0 are very toxic 
and those in which » equals 1 are inactive. For tuber- 
culostatic activity, therefore, » must be greater than 1. 


‘Trade name ef Rohm and Haas Co. 
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The in vivo tubereulostatic activity of Triton A20 
has also been independently reported by Solotorovsky 
and Gregory (18), who find it to be about one-sixth 
as active as dihydrostreptomycin by parenteral route 
in mouse infections. More important is the observation 
that Triton A20 and dihydrostreptomycin act syner- 
gistieally so that, for example, 2.5 mg of Triton A20 
combined with 0.25 mg of dihydrostreptomycin are 
more effective than either 5 mg of Triton A20 or 1 mg 
dihydrostreptomycin alone. 

Another surface-active substance which has been 
studied for antituberculous activity is the monoethyl 
ester of a-methyl a-n-dodecyl suceinie acid (B 53) 
XVI. This compound and its isomeric monoester XVII 
are prepared by treating the corresponding anhydride 
with ethanol. According to Barry et al. (19), the eom- 
pound (B 53) XVI preponderates in the mixture, 


oO 
4 4 
CH,—CH—C CH,—CH—C—OC,H, 
\ 
0 + C,H,OH 
/ \ 
\, (B 53) XVI 
4 
————> CH, —_CH—C—OH 
\ 
XVII 


whjch is used as such, the presence of the other isomer 
being ignored. Given orally, in fhe form of the sodium 
salt, to guinea pigs infected with human strain H37 Rv 
at a dose level of 100 mg/kg daily for several months, 
B 53 is claimed to produce a 20% increase in survival 
time. This would seem to be a rather modest activity 
in a compound that is admittedly toxic and which pro- 
duces a strong hemolytic effect. Nonetheless, it has 
been clinically tested by 'ocal application to tubereu- 
lous sinuses and ulcers, where it has been shown to 
produce rapid healing. Instillation of a buffered 0.5 
per cent solution into a tuberculous urinary bladder 
is claimed to result in the quick elimination of long- 
standing lesions. Since B 53 activity is antagonized by 
serum, the compound is unsuited to systemic admin- 
istration. Barry and his co-workers have therefore ex- 
tended their studies to dialkyl propane, butane, and 
pentane diols, and to hydroxyamines with similar car- 
bon skeletons. Although these compounds are held to 
be promising, no in vivo activity data have as yet been 
presented for them. 

Although the sulfones were the first of the modern 
synthetic tuberculostats, variations of the parent 4,4’- 
diaminodiphenyl sulfone structure are still under ac- 
tive investigation, as is evidenced by the work of 
Payne and his collaborators (47), who recently re- 
ported on the clinical efficacy of 4-amino-4’-(B-hy- 
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droxyethylamino) diphenyl sulfone. They claim that 
the compound is a valuable adjunct to streptomycin 
therapy and that it is well tolerated orally and pro- 


4-Amino-4’-(§-hydroxyethylamino) diphenyl sulfone 


duces no gastrointestinal irritation in daily doses of 
1.5 to 3.0 g. They do not however, recommend that it 
be used alone and unsupported by other drugs. 

Another new sulfone has also been reported by 
Weiller and Rymer (48). This compound, known as 
J-51, is said to be the silver salt of 4,4’-bis-(azo-para- 
isopropyl-meta-cresol) diphenyl sulfone and probably 
has the following structure: 


Ag ( AgO— 
—N—N— —N—N— 


CH, 


J-51 


The compound has been tested clinically in 50 patients 
and is said to be definitely beneficial both clinically 
and radiologically. Moreover, only one toxic reaction 
with the drug was obtained in this series. This reac- 
tion took the form of a severe diahorrea which neces- 
sitated withdrawal of the drug. 

Most recently, an entirely new class of antitubereu- 
lous compounds was announced by Heubner et al. 
(49) and by Mayer, Eisman, and Konopka (50). 
These workers discovered that 4,4’-diethoxythiocarba- 


nilide possessed high antituberculosis activity in mice 
infected with the H37 Rv strain. In a subsequent in- 
vestigation of over 300 thiocarbanilides and related 
structures, they found that the structure-activity rela- 
tionship in this series is quite specific. For example, 
the following variations in structure resulted in loss of 
activity: (1) shortening of the alkoxy group to meth- 


C,H,O— —O—C,H, 
500 


on, on, 


| 


oxy or lengthening it to octylexy, (2) replacement of 
the alkoxy groups with an alkyl] group branched at the 
carbon adjoining the ring, (3) replacement of both 
alkoxy groups with halogens or dialkylamino groups, 
(4) removal of one of the alkoxy groups, (5) shift- 
ing the alkoxy groups to the 2 or 3 position, (6) 
placement of a second substituent (methyl, halogen, 
or amino) in the ring, (7) substitution of a methyl 
group on one of the ureido nitrogens, (8) replace- 
ment of the thiocarbanilide moiety with the corre- 
sponding carbanilide, guanidine, guanylthiourea or 
dithiobiuret. 

According to these investigators, the results of de- 
layed and limited therapy experiments in mice and 
guinea pigs, together with the high therapeutic index 
shown by some of the thiocarbanilides, warrant their 


consideration as therapeutic agents in tuberculosis. 
Moreover, they claim there is no cross resistance with 
either streptomycin or isoniazid and that, on the basis 
of their preliminary studies, no resistant forms arise 
in animal experiments. The activities of certain of 
their compounds, notably 4-ethoxy-4’-isobutoxy thio- 
earbanilide (Su 1795) and 4,4’-di-n-butoxythiocarba- 
nilide (Su 1906), are said to exceed those of PAS or 
streptomycin and to approach that of isoniazid in 
guinea-pig experiments. 


CH, 


| 
Ss CH; 
(Su 1795) 


(Su 1906) 


Quite independently, Harrington, D’Arey Hart, and 
Rees in England (51), intrigued by the observation 
that certain compounds containing the thiocarbamido 
grouping manifested in vitro anti-tuberculous activity, 
conceived the idea of combining in one molecule PAS, 
p-aminobenzaldehyde thiosemicarbazone, and the thio- 
carbamido grvup. The result was a thiocarbanilide, a 
compound said to be more active than PAS and com- 
parable to the thiosemicarbazones in mouse experi- 
ments. The structure of this thiocarbanilide is as 
follows : 
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H,.N—C—NHN=CH—¢ —COOH 


PYRIDINE DERIVATIVES 


The most significant adyances in the search for syn- 
thetic tuberculostats have been made in the field of the 
heterocycles, most notably the nitrogen heterocycles 
of the pyridine series. Chronologically, the first pyri- 
dine compounds to merit consideration as tuberculo- 
stats of interest—other than nicotinamide and its im- 
mediate derivatives—are the three isomeric pyridyl 
aldehydes and one pyridyl ketone thiosemicarbazone. 
Actually, the a-isomer, picolinaldehyde thiosemicarba- 
zone XVIII (20) is too toxie for practical use (21), 
and the methyl 4-pyridyl ketone thiosemicarbazone 
XIX is principally interesting because it is the only 
active pyridyl ketone derivative known. The B-isomer, 
nicotinaldehyde thiosemicarbazone XX, was prepared 
independently in Switzerland (22), France (23), and 
the United States (24), and is regarded by the French 
workers as much superior to Tb I on the basis of ani- 
mal studies (23, 25, 26). At least partial confirmation 
of this view has been obtained here (271). 


\—CH=NNHC—NH, 
| 
N 


a XVIII 


XX 


CH, 
CH=NNHC—NH, 
C=NNHC—NH, 


| 


Y 
| 
N . 


XIX y XXI 

The y-isomer, isonicotinaldehyde thiosemicarbazone 
XXI (20), is comparable to the B-isomer in activity 
and is somewhat less toxic. Both the 6 and y isomers in 
comparison with Tb I reveal one noteworthy point of 
distinction. When the three eompounds are tested in 
mice infected intravenously with human strain H37 
Rv, they show activities of approximately the same 
magnitude. In mice infected intranasally with the same 
organism, the two pyridine derivatives appear much 
more active than Tb I. The significance of this differ- 
ence in activity with variation in route of infection 
has not yet been elucidated, but it may conceivably 
have important ramifications in the mechanism of 
drug action. The pertinent data are presented in 
Table 1. 

The discovery in the Roche Laboratories of isonico- 
tinyl hydrazine and its derivatives as synthetic tuber- 
culostats followed closely upon the preparation of the 
pyridylaldehyde thiosemicarbazones (20, 27, 28). A 
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large number of reports on the activity of isonicotinyl 
hydrazine in both experimental and clinical tubereu- 
losis have already appeared in the literature, so that 
a detailed discussion of the subject at this point is 


TABLE 1 
ACTIVITY OF THIOSEMICARBAZONES IN MICE 


INFECTED WITH HuMAN Strain H37 Rv 
(Mepicatep Diet) 


Intravenous Intranasal 
route route 
Compound e 
Approx. Approx. 
dome, 
mg/kg tection mg/kg tection 
TbiI 125 50 500 30 
Nicotinaldehyde 
thiosemicarbazone 125 83.3 100 55.5 
Isonicotinaldehyde 
thiosemicarbazone 125 80 100 60 


unnecessary. However, this much can be said with 
assurance: isonicotinyl hydrazine XXII is the most 
potent tuberculostat clinically tested to date. It is also 
the parent substance to a host of derivatives with 
marked tuberculostatic properties. These derivatives 
may be conveniently divided into 4 classes, i.e., the 
alkylidene derivatives XXIII, the sugar derivatives, 
the alkyl and aralkyl derivatives XXIV, and the acyl 
derivatives XXV. 


CO—NHNH, CO—NHN=R 


¢ 

N N 

XXII XXIII 
CO—NHNHR CO—NHNHCOR 
| 
VA | Y 
Ny N 
XXIV XXV 


The alkylidene derivatives prepared by Fox and 
Gibas (29) cover the range of straight-chain aliphatic 
substituents from ethylidene to heptylidene and of 
branched-chain aliphatic substituents from isopropyli- 
dine through a-methyl heptylidene to cyelohexylidene, 
A variety of aralkylidenes such as benzylidene and 
a-heptylbenzylidene and heterocyclic substituents such 
as furfurylidene and 2,4,5-trioxohexahydropyrimidyli- 
dene were also prepared. 
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CH, 
\ 
R=CH,CH= to CH,CH,CH,CH,CH,CH,CH=; 
CH, 
CH,—CH, 
CH,CH,CH,CH,CH,CH,C—, CH, c=, 
\ 
H, CH,—OH, 
—CH=, 
—CH,CH,CH,CH,CH.CH,CH,, 
HN—C=0 
HN—C=0 


These compounds are for the most part powerfully 
tubereulostatic in experimental tuberculosis. 


O 

my 
co—NHNE—CH CH—CH,.OH 

| 

HOH 
| 
N 


CHOH 


CO—NHNH—CH—O 
HoH¢ 


| CHOH 
N { XXVIII 
| XXIX 


CH,OH 
bacH,on 
\cfion 


HOH 


XXX 


CO—NHNHCH,OSONa 


XXXI 


The sugar derivatives of isonicotinyl hydrazine 
which have been prepared (30) include the d-glu- 
cosyl XXVI, the d-galactosyl XX VII, the d-xylosyl 
XXVIII, the d-ribosy] XXIX, and the d(-)fructosyl 
XXX. In addition, the-sodium formaldehyde sulf- 
oxylate derivative XX XI has been made and studied. 
These, too, have an activity closely comparable to that 
of isonicotinyl hydrazine. 

The straight-chain alkyl derivatives of isonicotinyl 
hydrazine prepared by Fox and Gibas (31) cover the 
range from methyl to heptyl and include a sugar 
aleohol. The branched-chain derivatives include iso- 
propyl, isobutyl, methyl heptyl, and several cyclo- 
hexyl substituents. The effect of aralkyl, ary!, and 
heterocyclie grouping was studied by preparing a 
series of compounds whose substituents include benzyl, 
substituted benzyl, y-phenyl propyl, and y-pyridyl. 


CO—NHNHR 


CH, CH, 
\ 
R=CH,— to CH,(CH,),CH.—, CH—, ‘CH—CH,—, 
Z 
cf, 
CH.CH, 
CH,(CH,),—CH—,  CH,CH cH— 
CH, CH,Ch, 
CH,OH(CHOH) ,CH.—, 
CH,— CH,— | 
| V4 
N 
| 
OCH, 


The activity of these compounds is mostly of a high 
order but no generalized relationship seems to exist 
between the size or configuration of the substituent 
group and the tuberculostatic potency of the com- 
pound. The effect of acylating isonicotinyl hydrazine 
has been studied (32) with a wide variety of organic 
acids including the range of fatty acids from acetyl 
to stearoyl, dicarboxylic acids such as maleic, succinic, 
and phthalic, and heterocyclic carboxylic acids such 
as nicotinic, isonicotinie, and furoic. 


CO—NHNHR 
| 


al 
| 


\N 
R=CH,CO— to CH,(CH,),,CH,CO—, 
HOOCCH=CHCO—, 
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HOOC—CH,CH,CO—, 


The acylated derivatives are, in general, very active, 
and here, too, there is no apparent relationship be- 
tween size of the substituent grouping and activity. 


THE 


The tuberculostatic activity of pyrazine carboxa- 
mide XXXII was first announced by Kushner and his 
co-workers (33), who reported that the compound is 
several times more active than PAS and approxi- 
mately seven times as active as nicotinamide. This has 
been partly confirmed by Rogers et al. (34), who ap- 
pear to have prepared the compound independently. 
The.latter group reports an activity of approximately 
three times that of either PAS or nicotinamide. Clin- 
ically, the compound is said to produce, an immediate 


G \—CO—NH, 

XXXII 


symptomatic improvement which borders on euphoria 
and seems to be out of proportion to its admittedly 
moderate activity (35). It also produces rapid defer- 
vesence and reduction in cough and sputum, even 
in patients with streptomycin-resistant organisms. De- 
spite these favorable aspects and the mildness of its 
toxic reactions, pyrazinamide has only limited use be- 
cause of the rapidity with which drug resistance ‘be- 
comes manifest. 

Another diazine with tubereulostatic activity is py- 


ridazine-3-carboxamide XX XIII (34), which has been - 


found to be at least as effective as nicotinamide on 
parenteral administration. 


XXXII 


Unlike isonicotinyl hydrazine, both diazines show ex- 
treme structure-activity specificity. Any change in 
structure appears to abolish activity. 

THE PHTHALYLHYDRAZINES 


In 1946, Jouin and Buu Hoi (1), upon testing a 
huge series of different chemical structures for in vitro 
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activity against an avian type of M. tuberculosis, 
found N, N’-phthalylhydrazine XXXIV to be mark- 
edly active. Three years later, in 1949, Buu Hoi and 


0 OH OH 
4 
Cc Cc 
NH N N 
NH <— N 
No No bu 
XXXIV 


his co-workers (36) investigated derivatives of phtha- 
lylhydrazine and reported that 1-isoamyloxy-3-phenyl- 
4-keto-3,4-dihydrophthalazine XXXYV is more active in 
@ mouse survival test against human type of tubercle 


CH, 
O—CH.C 
CH, 
N 
\ 
XXXV 


bacilli than is streptomycin. More recently, in a con- 
tinuation of this work, the French investigators have 
listed a series of phthalylhydrazine derivatives which 
are claimed to be very active in mouse tuberculosis, 
particularly in chronic forms of the disease (37). The 
compounds studied include the following structures: 


OR 
( 
N 
| 
NR’ 
Cc 
\ 
Oo 
R Rr’ 
CH, 
1) —CH,CH,CH —C,H, (compound XXXV) 
CH, 
2) —CH,C,H; —CH,C,H; 
3) —CH,(CH,).».CH; —CH,(CH,) »CH, 
4) —CH,(CH,) ».CH, —C,H, 
5) quits —C,H; 


When tested against certain human strains of tubercle 
bacilli, the compounds proved to be superior to strep- 
tomyein plus PAS, but against human strain H37 Rv 
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their activity is much less spectacular than that of 
streptomycin. It was noted, however, that the action 
of the compounds given subcutaneously in oil solution 
seemed to persist long after cessation of treatment, 
presumably because of slow adsorption. The investi- 
gators are currently modifying the phthalylhydrazine 
structure in the hope of -obtaining less toxic com- 
pounds. 

Partial confirmation of these results has been ob- 
tained by Bavin et al. (3), who claim that 1,4-diketo- 
3-phenyltetrahydrophthalazine (compound 5, above) 
gives promising results in the usual test in mice. 


MISCELLANEOUS HyDRAZINES 


Before the advent of the modern chemotherapeu- 
tants for tuberculosis, some Japanese investigators 
(38-40) reported that phenylhydrazine inhibits tuber- 
culous changes in guinea pigs. Unfortunately, phenyl- 
hydrazine also produces a profound anemia and was 
therefore deemed unsuited for clinical application. 
Subsequently, Corper and Cohn (41) refuted the 
tuberculostatic activity of phenylhydrazine while con- 
firming its hemolytic effect. Nonetheless, Takeda and 
his co-workers, on the basis of the original elaim, eon- 
ceived the idea of modifying phenylhydrazine struc- 
ture with suitable substituents so as to retain the anti- 
tuberculous activity and diminish its toxicity. Aecord- 
ingly, they have prepared and studied compounds of 
the general type: 


Lunn, 
| 
where R= (7 —nuc—nn, 
NH | 
| 
NHNH, 


These compounds are reported to be active against 
tubercle bacilli of human type strain H, in guinea 
pigs (42-44). The p,p’-dihydrazinodiphenyl sulfone, 
for example, is said to be simultaneously more ac- 
tive and less toxic than the analogous p,p’-diaminodi- 
phenyl sulfone (44). Moreover, preliminary clinical 
trials with the compound in nodular type leprosy are 
reported to be encouraging (45). 

Conclusion. It was indicated earlier in this paper 
that the tuberculostatie activity of the various ecom- 
pounds would be presented uncritically, i.e., without 
weighing the values assigned to them by the original 
investigators. Experience has shown, however, that 
many compounds that are initially reported to show 
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great promise never mature through the normal 
transitional phases of drug development. Some of 
them never leave the laboratory for the clinie and 
others, having reached the clinic, fail to qualify as 
acceptable drugs. It is £o be expected then that many 
of the compounds discussed here will in time be only 
of academic, or at most, historic interest. But that is 
not necessarily the full measure of their importance. 
To the chemist, at least, these overt failures may 
provide the stimuli and the points of departure for 
further and possibly more successful research. For ex- 
ample, the failure of the sulfathiadiazoles as tubereu- 
lostats led Behnisch and his co-workers (46) to the 
discovery of Tb I and the benzenoid thiosemicarba- 
zones. Similarly, the distinct but relatively inadequate 
activity of 3-aminoisonicotinie acid proved to be an 
important stimulus to the discovery of isonicotinyl- 
hydrazine (28). Perhaps, in much the same way, sev- 
eral of the newer structures—if not in themselves 
suecessful—may prove to be fruitful sources of in- 
spiration for further research. 

One thing is certain, further research is still very 
much in order. Although it is too early to pass any 
final judgments on the role of isonicotinylhydrazine 
in the control of tuberculosis, it seems likely that no 
one drug will provide the complete answer. The chemo- 
therapy of tuberculosis in the future will probably 
involve a combination of two or more drugs, each of 
which will attack the tubercle bacillus via a different 
route, so that clinical arrest (if not sterilization) can 
be obtained before the emergence of resistant strains. 


References 


1. Jovix, J., and Buu Hor, N. P. Ann. inst. Pasteur, 72, 
580 (1946). 
2. Freire, 8 
(1951). 

8. Bavin, E. M., et al. J. Pharm. and Pharmacol., 4, 844 
(1952). 

4. Gow, J. G. Brit. Med. J., 1, 95 (1953). 

5. URBANSKI, T. Nature, 166, 267 (1950). 

6. GarpNeR, T. S.. Wnts, E., and Smirn, F. A. J. Am. 
Chem. Soc., 73, 5455 (1951). 

7. UrBanski, T., et al. Nature, 170, 753 (1952). 

8. RATSIMAMANGA, A. R., et al. Compt. rend, soc, biol., 146, 
354 (1952). 

9. WELSCH, M., et al. Compt. rend., 234, 1232 (1952). 

10. ATKINS, P., and Warp, J. D. Brit, J. Baptl. Pathol., 26, 
120 (1945). 

11. Co_we C. A., 
(1946). 

12. CLarK, J. B., Wyss, O., and Strong, W. S. Nature, 166, 
840 (1950). 

13. Kimuer, A. J. Bacteriol., 60 [4] 469 (1950). 

14. Stmonnet, H., and Pantssetr, M. 19th Congress Assoc. 
Can, Fr. Av. Sci. (ACFAS) Oct. 15, 1951. 

15. ANDERSON, R. J., and NewMaNn, M. 8. J. Biol. Chem., 101, 
773 (1933). 

16. Panisset, M., Stmonnet, H., and Dopisa, M. Rev. can. 
biol., 11, 268 (1952). 

17. Cornrortu, J. W., et al. Nature, 168, 150 (1951). 

18. SeLororovsky, M., and Grecory, F. J. Am. Rev. Tuberc., 
25, 718 (1952). 

19. Barry, V. C., et al. Nature, 166, 303 (1950). 

20. Fox, H. H. J. Org. Chem., 17, 555 (1952). 

21, and Letwant, B. Proc. Soc. Eaptt. Biol. 
Med., 77, 47 (1951). 

22. Private communication. 

23. LevapirTi, C., et al. Compt. rend., 231, 1174 (1950). 

24. Garpner, T. 8., et al. J. Org. Chem., 16, 1121 (1951). 

25. LevapiTi, C., et al. Compt. rend., 232, 707 (1951). 

26. LEVADITI, C., et al. Compt. rend. soc. biol., 145, 60 (1951). 


A., Rist, N., and GrumsBacn, F. Ibid., 81, 407 


and McCaui, M. J. Bacteriol., 51, 659 


Science, Vol. 118 


‘ 
4 
: 
‘ 
: 
; 
j 
‘ 
4 
A 
| 
| 


Biol. 


27. Fox, H. H. Science, 116, 129 (1952). 


, and Grpas, J. T. J. Org. Chem., 17, 1653 (1952). 

— -. Ibid., 18, 983 (1953). 

30. Fox, H. H. Ibid., 18, 990 (1953). 

31. ————, and Grpas, J. T. Ibid., 18, 994 (1953). 

~—, Ibid. In press. 

33. Kusuner, 8., et al. J. Am. Chem. Soc., 74, 3617 (1952). 

34. Rocers, E. F., et al. Science, 116, 253 (1952). 

35. Yeacrer, R. L., Munrog, W. G. C., and Dessav, F. I. Am. 
Rev. Tuberc., 65, 523 (1952). 

36. Buu Hol, N. P., et al. Compt. rend., 228, 2037 (1949). 

37. RATSIMAMANGA, A. R., et al. Arch. internat. pharma- 
codynamie, 91, 52 (1952). 

38. Kuroya, M. Japan. J. Exptl. Med., ‘7, 255 (1929). 

39. AOKI, T. Ibid., 309. 

40. Surreal, H. Jbid., 8, 457 (1930). 


41. Corper, H. J., and Conn, M. L. Am. Rev. Tuberc., 58, 
230 (1948). 

42. Taxenpa, Y., et al. Japan. J. Eapti. Med., 21, 267 (1951). 

43. Takepa, Y., MAgsima, Y., and OKANA, M. Jbid., 173. 

44. Takepa, Y., et al. Ibid., 271. 

45. Yosurer, Y., et al. Ibid., 22, 317 (1952). 

46. Benniscu, R., Mierzscnu, F., and Scumipt, H. Am. Rev, 
Tuberc., 61, 1 (1950). 

47. Payne, H. M., et al. Am. Rev, Tuberc., 68, 103 (1953). 

48. WEILLER, P., and Rymer, M. Poumon, 8, 747 (1952). 

49. Hevupner, C. F., et al. J. Am. Chem. Soc., 75, 2274 (1953). 

50. Mayer, R. L., ErsmMan, P. C., and Konopga, EB. A. Proce. 
Soc. Exptl. Biol. Med., 82, 769 (1953). 

51. Harrineton, C. R., D'Arcy Hart, P., and Rees, R. V. W. 
Lancet, 1, 929 (1953). 


STR 


Cyanopsin, A New Pigment of Cone Vision 


George Wald, Paul K. Brown, and Patricia H. Smith** 
Biological Laboratories, Harvard University, Cambridge, Massachusetts 


HE three visual pigments known heretofore 
are formed by combinations between two 
retinenes and two visual proteins or opsins. 
Retinene, combines with rod opsin (sco- 
topsin) to make rhodopsin, or with cone opsin (pho- 
topsin) to make iodopsin. Retinene, combines with rod 
opsin to make porphyropsin (1-3). Clearly a fourth 
combination is possible: retinene, with cone opsin. 
This has now been prepared. It is a blue, light-sen- 
sitive pigment, with an absorption maximum at 620 


_ mu. We propose to call it cyanopsin. 


It is synthesized as follows. An extract of dark- 
adapted rods and cones from the chicken retina con- 
tains a mixture of rhodopsin and iodopsin. With deep 
red light, to which rhodopsin is insensitive, the iodop- 
sin alone is bleached irreversibly to a mixture of all- 
trans retinene, and cone opsin. To this is added a 
small amount of the specific cis isomer of retinene, 
which, when mixed with rod opsin, forms porphyrop- 
sin (2, 3). Added in this instance to cone opsin, it 
forms cyanopsin. 

The synthesis of cyanopsin is completed within 5 
minutes in the dark at room temperature. The absorp- 
tion spectrum of the resulting solution is measured 
in the dark, and again after bleaching in deep red 
light. The former spectrum minus the latter is the 
difference spectrum of cyanopsin. This is shown in 
Fig. 1. 

In red light, eyanopsin bleaches to a straw-colored 
mixture of all-trans retinene, and cone opsin. The ab- 


1 We should like to dedicate this paper to Professor Otto 
Loewi on his eightieth birthday. The chemistry of excitation 
owes much to him; and in a broader sense excitation and 
vision are very much his province. 

2This research has been supported in part by funds from 
the Rockefeller Foundation and the Office of Naval Research. 
We are grateful also to the Organic Research Laboratory of 
Distillation Products Industries of Rochester, N. Y., for a 
gift of crystalline retinene,. 
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sorption falls in the red and yellow, simultaneously 
rising in the blue and violet. At about 502 my—the 
“isosbestic” point—the extinction does not change. 
Above this wavelength the difference spectrum is posi- 
tive, with a maximum at 620 mp; below this wave- 
length it is negative, with a minimum at about 407 
mp, the absorption maximum of retinene,. 

Such a difference spectrum is defined by the equa- 
tion 
(Spectrum of cyanopsin) — (Spectrum of all- 

trans retinene, + opsin) = Difference spectrum 


Our preparation of cyanopsin was formed in a 
chicken retinal extract in the presence of a variety of 
impurities. A difference spectrum, however, is by its 
nature “pure.” It represents only the change in spec- 
trum of the photosensitive material bleached by light 
—in this case cyanopsin—regardless of whatever else 
is present. We can measure also the spectrum of a 
mixture of crystalline all-trans retinene, and opsin. 
The sum of these spectra, according to the above 
equation, should represent the absorption spectrum of 
pure cyanopsin. 

Such an estimate of the spectrum of cyanopsin is 
shown in Fig. 2. It was obtained by adding together 
the difference spectrum of Fig. 1 and the spectrum 
of retinene, plus opsin shown in Fig. 2. This pro- 
cedure has two arbitrary aspects. Not having a pure 
preparation of chicken cone opsin, we have substi- 
tuted here a good preparation of cattle rod opsin. The 
opsins possess only the’ protein absorption band at 
about 280 mu, and have very low extinctions at wave- 
lengths longer than 310 mu. Their own absorption 
therefore does not affect appreciably the spectra 
shown in Fig. 2. They do, however, have an effect upon 
the spectrum of retinene,. The retinenes couple spon- 
taneously in solution with the amino groups of opsins 
and other proteins to yield loosely bound complexes 
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Fig. 1. The difference spectrum of cyanopsin. An aqueous 
digitonin extract of dark-adapted chicken rods and cones, 
containing a mixture of rhodopsin and iodopsin, was exposed 
for 20 minutes to the deep red light of a 160-watt microscope 
lamp passing through a Wratten 89 filter. This bleached the 
jodopsin alone to a mixture of retinene, and cone opsin. A 
small amount of cis-retinene, in digitonin solution was added, 
and the solution was left dark for 8 minutes. Its absorption 
spectrum was measured in the dark, and again after bleach- 
ing for 4.5 min in the same red light as used before. The 
difference in extinction between these two spectra is shown 
in the figure. 23° C, pH 6.8. 
which vary in spectrum with pH (“indicator yellow”) 
(4, 5). At any given pH the absorption spectra of 
such complexes vary somewhat with the nature of the 
proteins. The substitution of opsins in the present 
instance may therefore involve a small change in 
the spectrum of the retinene,—opsin complex. 

We have also, as shown in Fig. 2, arbitrarily set the 
maximum extinetion of the mixture of retinene, and 
opsin equal to that of cyanopsin. We believe this to 
be approximately correct. Relatively pure solutions of 
rhodopsin bleach at neutrality to yield an almost equal 
extinction of retinene,+opsin (6). Here we assume 
the same to be true of cyanopsin. Any large departure 
from this assumption in either direction leads to an 
absurd result. 

Neither of these reservations involves the spectrum 
above 560 mu, since here the absorption of retinene, 
is so small that the absorption spectrum of cyanopsin 
is nearly identical with its difference spectrum, Only 
the dashed portion of the curve is in any doubt; the 
solid portion is unequivocal. Within these limitations, 
the spectra of Fig. 2 can be taken to represent reli- 
ably cyanopsin and the product of its bleaching in 
neutral solution. 
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Has cyanopsin a place in vision? Always hereto- 
fore our chemical knowledge of a visual pigment has 
developed in the sequence: extraction, analysis, syn- 
thesis. With cyanopsin this process is reversed. Reti- 
nene, and cone opsin wtre available-to synthesize a 
pigment which has not yet been extracted from a 
retina. 

One might, however, expect to find eyanopsin in a 
retina which possesses both vitamin A,—and hence 
retinene,—and cones. There is good evidence that it 
occurs in such situations. 

Some years ago Granit measured electrophysiolog- 
ically the spectral sensitivity of photopic vision in a 
freshwater fish, the tench (Tinca) (7); and in the 
European tortoise, Testudo graeca (8). In both eases 
the spectral sensitivity curves were maximal at about 
620 mu. These data are shown as the points of Fig. 3. 
It should be noted that they represent, in Granit’s 
terminology, “dominators,’ not “modulators.” It is 
clear that they resemble closely the absorption spee- 
trum of cyanopsin. 

In the tench this result is to be expected. As in other 
freshwater fishes, the rods of this animal contain 
porphyropsin—hence vitamin A, (9, 10). In the dark- 
adapted fish the spectral sensitivity is maximal at 
about 530 mu (7), and is based upon porphyropsin. 
On light adaptation, the spectral sensitivity shifts 
toward the red—the familiar Purkinje shift—to the 
function shown in Fig. 3, based evidently upon 
cyanopsin.® 

The retina of the tortoise possesses only cones. In 
this animal there is no Purkinje shift; the sensitivity 
remains maximal at about 620 mu in all states of light 
or dark adaptation (8). Again it appears to be based 
upon cyanopsin. 

We have no chemical data from the tortoise. Some 
years ago, however, we attempted several times to ex- 
tract light-sensitive pigments from the all-cone retinas 
of two American turtles, Pseudemys scripta and P. 
mobilensis. No photosensitive pigment was obtained; 
but in these retinas we found considerable amounts 
of vitamin A,. This was identified by its absorption 
maximum in ethyl alcohol at 355 mu, and by the blue 
product which it yields with antimony chloride, with 
an absorption maximum at 693 mu (Fig. 4). 

Vitamin A, is found characteristically in the retinas 
of vertebrates which live, or at least begin their lives, 
in fresh water (11, 12). Turtles, whatever their later 
habitat, originate on land, and constitute a clear ex- 
ception to this rule. They are not the first exception, 
for it had been found earlier that the marine fishes 
of the family Labridue, or wrasses, also possess vita- 
min A, and porphyropsin in their retinas. 

It seems probable now that in the turtle and tor- 
toise, as in the tench, the pigment of cone vision is 


®Grundfest (J. Gen. Physiol., 15, 307, 507 [1931-32]) 
made the first quantitative measurements of the Purkinje 
phenomenon in a freshwater fish, the sunfish Lepomis, using 
a behavioral method. His spectral sensitivity curves are some- 
what distorted in shape. The maximum sensitivity was found 
at about 540 mu in the dark adapted fish, and shifted to 
about 600 mu on light adaptation. 
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Fig. 2. The absorption spectrum of cyanopsin. On the left is the absorption spectrum of a mixture of crystalline all-trans 
retinene, and cattle rod opsin, comparable with the mixture of all-trans retinene, and chicken cone opsin which results from 
the bleaching of cyanopsin. On the right is the spectrum of cyanopsin obtained by adding the left-hand curve to the differ- 
@nce spectrum of Fig. 1. Both spectra have been made equal to 1.0 at the maximum. The solid portion of the right-hand 
@urve represents accurately the absorption spectrum of pure cyanopsin, for in this region the absorption spectrum does not 
depart appreciably from the difference spectrum. The dashed portion of the curve is in some measure of doubt, owing to 


cbitrary elements in its derivation, discussed in the text. 


eyanopsin. Our failure to extract it from the turtle 
retina in the past must be ascribed in part to our prae- 
tice of making all retinal preparations in red light. 
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Fic. 3. The absorption spectrum of cyanopsin, compared 
with Granit’s electrophysiological measurements of the spec- 
tral sensitivity of cone vision in a freshwater fish, the tench, 
and in the European tortoise, Testudo graeca. 


This is proper for the other visual pigments, but the 
worst possible light for eyanopsin. Judging from Fig. 
2, cyanopsin should be least sensitive in the blue-green, 
and this is the light in which one should attempt to 
extract it. If this for any reason proves too difficult, 
| it would be nearly as satisfactory to demonstrate in 
a retina the presence of both vitamin A, and cone 
opsin, the ingredients from which cyanopsin is syn- 
| thesized. Such experiments are now in progress. 
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Fic. 4, Absorption spectra of antimony chloride tests with 
extracts from the retina of the turtle. Pseudemys mobilensis, 
drawn with a recording photoelectric spectrophotometer. 
Both spectra show the absorption maximum at about 693 
mu characteristic of vitamin A,. 


The synthesis of a visual pigment demands not 
merely retinene, or retinene,, but a specifie cis iso- 
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mer of each of these substances. The cis isomer of 
retinene, called neoretinene b is the precursor of 
rhodopsin (Amex 500 my) and iodopsin (A,,., 562 mp). 
A second cis isomer of retinene,, called iso-retinene a, 
forms the isomeric light-sensitive pigments, iso-rho- 
dopsin 487 mu) and iso-iodopsin 515 mp), 
the absorption spectra of which are displaced toward 
shorter wavelengths (2, 3, 13). In the same way a 
specific cis isomer of retinene, forms porphyropsin 
(Amax 522 mu), while a second cis isomer forms iso- 
porphyropsin (A, x 507 mu) (3). With cone opsin 
these retinene, isomers yield a parallel result: the first 
forms cyanopsin (A,,,, 620 mu), the second iso-cyan- 
opsin (Amax 575: mu). None of the iso-pigments has yet 
been identified in a retina, and for the present all of 
them must be regarded as artifacts. 

As originally iodopsin, so now cyanopsin raises in 
chemical form the problem of color vision (1, 14). 
There is as yet no evidence that either pigment takes 
part in color differentiation in any retina in which it 
has been encountered. Yet each addition to the array 
of visual pigments, particularly in cones, seems to 
bring this function closer. Cyanopsin extends the spec- 
tral range of the known visual pigments far into the 
red; it is the first such pigment that could serve effi- 
ciently in a “red receptor.” Indeed rhodopsin, iodop- 
sin, and ecyanopsin form a trio of visual pigments 
regularly spaced about 60 mu apart throughout the 
visible spectrum, and well suited in spectral sensitiv- 
ity to provide the basis of a system of trichromatic 
vision.*: ° Iodopsin alone may suffice for color vision in 
the chicken, and eyanopsin in the turtle, since the cones 
of both animals contain systems of colored oil globules 
which could serve for color discrimination (19, 20). 
In the absence of such special devices, however, color 
vision requires the presence of at least two photo- 
sensitive pigments in the cones of a single animal. 
This condition is probably fulfilled in certain euryhal- 
ine fishes—salmon, trout, eel—in lampreys, and in cer- 
tain amphibia which are known to contain both rho- 
dopsin and porphyropsin in their rods, and very likely 
therefore contain both iodopsin and cyanopsin in their 
cones (11, 12); yet again there is no evidence that 
this has anything to do with color vision. The chem- 

*The slow rate of synthesis of rhodopsin compared with 
cone pigments in mammals, chickens, and frogs is no barrier 
to its finding a place eventually in cone vision. We have 
recently observed that retinene, and retinene, combine nearly 
as rapidly with the rod opsins of certain fishes, both fresh- 
water and marine, to form rhodopsin and porphyropsin, as 
with the cone opsin of the chicken to form iodopsin and 
cyanopsin. 

5A number of recent investigations of the spectral sensi- 
tivity of human cone vision indicate a small subsidiary peak 


near 620 mu, which is thought to mark the position of the 
red color vision primary (15-18). This could involve cyanop- 


sin itself, though the sensitivity peak seems narrow compared. 


with the absorption spectrum of cyanopsin. 


istry of color vision all lies before us, and the growing 
accumulation of visual pigments and iso-pigments does 
little more as yet than offer increasing promise of 
eventually approaching it. 


SuMMARY 


A new visual pigment has been synthesized by the 
combination of chicken cone opsin with retinene,. It is 
a blue, light-sensitive substance with maximum absorp- 
tion at 620 mu, called cyanopsin. It has not yet been 
extracted from a retina, but would be expected to 
occur in any retina which contains vitamin A, or 
retinene, and cone opsin. Freshwater fish retinas pos- 
sess these ingredients; and Granit has shown the spec- 
tral sensitivity of cone vision in a freshwater fish, the 
tench, to be maximal near 620 mu, resembling closely 
in form and position the absorption spectrum of 
cyanopsin. Granit has found the same type of spectral 
sensitivity function also in the all-cone retina of the 
tortoise Testudo. This is in good accord with our ob- 
servation that the all-cone retinas of two American 
turtles contain vitamin A,. It is concluded that in these 
animals cyanopsin is a pigment of cone vision. To 
make porphyropsin and eyanopsin demands a specific 
cis isomer of retinene,. A second cis isomer forms the 
isomeric iso-porphyropsin and iso-cyanopsin. The ab- 
sorption maximum of iso-cyanopsin is at 575 mu, 
Cyanopsin extends the range of visual pigments far 
into the red, and may in some animals play a part in 
the mechanism of color vision. 
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News and Notes 


Annual Meeting of the Society of 
American Bacteriologists 


On August 10-14, about 1300 scientists met at the 
Palace Hotel in San Francisco to participate in the 
Annual Meeting of the Society of American Bacteri- 
ologists. The northern California-Hawaiian Branch, 
the host organization, provided admirable facilities. In 
addition to the usual scientific functions, the council 
and the business session continued its consideration 
of economic and sociological problems of its members, 
including certification of bacteriologists and accredit- 
ing of curricula in colleges and universities offering 
training in this field. These problems were reviewed 
by the Society President, Gail M. Dack, in his presi- 
dential address. 

The sixteenth Eli Lilly Research Award in Bacteri- 
ology and Immunology was given to J. Lederberg of 
the University of Wisconsin. A joint meeting of all 
divisions heard him review his work in bacterial 
genéties, for which the award was made. 

The four symposia organized by the Divisions of 
the Society were well attended. The Agricultural and 
Industrial Division sponsored a symposium on Actino- 
mycetes, convened by P. R. Burkholder of Yale Uni- 
versity, which considered the identification, classifica- 
tion, variation, and metabolism of this group of soil 
microorganisms which has recently become of fore- 
most importance in industrial microbiology. F. Lip- 
man of Harvard University convened a symposium 
on energy utilization and synthetic reactions which 
was sponsored by the Physiology Division and in- 
cluded as participants E. A. Evans, Jr., R. M. Her- 
riot, S. Spiegelman, L. Szilard, M. Doudoroff, E. R. 
Stadtman, L. O. Krampitz, M. Calvin, and I. C. 
Gunsalus. Symposia on radiations were sponsored by 
the Medical and the General Divisions, the former 
dealing with the role of infection in radiation injuries 
and the latter with radiation effects on cells and bac- 


teria. The local committee arranged a symposium on. 


the history of bacteriology in the western states. A 
committee on Bergey’s Manual of Determinative Bac- 
teriology held an open meeting on proposed changes 
in classification. 

At the five concurrent sessions, which oceupied three 
full days, 252 research reports were presented. The 
diverse fields of microbiology were well represented 
but more than usual attention was paid to viral eul- 
ture, microbial adaptation, the biosynthesis of nucleic 
acid constituents, and intermediary metabolism. Of the 
many outstanding papers presented, only a few can 
be mentioned here. By using an isotope technique, it 
was shown by P. W. Wilson and co-workers of the 
University of Wisconsin that some strains of Aero- 
bacter aerogenes are able to fix atmospheric nitrogen. 
B. A. Rubin of Syntex Co., Mexico, reported on new 
organisms that speed cortisone production by carrying 


October 30, 1953 


out, in a few fermentation steps, a modification of 
naturally occurring steroidal sapanogens into inter- 
mediates that require fewer chemical manipulations 
to produce the useful end products. A new antibiotic, 
magnamycin, which works against a variety of virus 
diseases as well as amebie dysentery, was reported by 
F. W. Tanner of Chas. Pfizer & Co. An improved vac- 
eine for whooping cough, which contains cells dis- 
rupted by supersonic waves, was reported by W. F. 
Verwey and co-workers of Sharpe and Dohme. J. T. 
Syverton of the University of Minnesota summarized 
the experimental studies on the culture of poliomye- 
litis and other viruses on a stable strain of human 
malignant epithelial cells which has been maintained 
in serial culture since early in 1951. Heinmetz, Taylor, 
and Lehman of Camp Lejeune, N. C., presented the 
thesis that chemicals, heat, and radiations destroy cer- 
tain specific processes in cellular metabolism, since 
their data show that organisms killed by any one of 
these processes can be revived by incubation with a 
particular spectrum of metabolic intermediates. In a 
report from Ohio State University, G. L. Stahly and 
associates. revealed a new process to produce dextran 
by microbes which gave double or triple the yield of 
dextran suitable for clinical use. The isolation of a 
variety of types of Salmonella species from birds, 
reptiles, and animals in the Detroit Zoo by Elizabeth 
Cope and associates suggests that this may be a reser- 
voir of infection potentially hazardous for zoo visi- 
tors. Craig and Francis of the University of Michigan 
showed that normal monkeys kept in the same cage 
with those infected with type I poliomyelitis virus 
rarely acquired antibodies from a possible subclinical 
infection that might be expected as a result of such 


intimate contact. Orvitte Wyss 


Department of Bacteriology 
The University of Texas 


The 1953 Gordon—AAAS Research 
Conference on Nuclear Chemistry 


Over 100 nuclear chemists from the U.S. and 
Canada, with 6 representatives from overseas, met 
June 22-26 at the New Hampton School, New Hamp- 
ton, N. H., for the second Gordon Research Confer- 
ence on Nuclear Chemistry, one of the series of re- 
search conferences sponsored each summer by the 
AAAS. The general program was organized by C. D. 
Coryell of the Massachusetts Institute of Technology 
and I. Perlman of the University of California Radia- 
tion Laboratory. 

Three sessions were devoted to nuclear systematics 
under the chairmanship of Katherine Way of the Na- 
tional Bureau of Standards, G. T. Seaborg of the Uni- 
versity of California Radiation Laboratory, and T. P. 
Kohman of the Carnegie Institute of Technology. An 
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extended session, with L. E. Glendenin of the Argonne 
National Laboratory as chairman, dealt with the sub- 
ject of fission. Diseussion of high-energy nuclear re- 
actions covered two sessions, E. Segré of the Univer- 
sity of California and A. L. Turkevich of the Uni- 
versity of Chicago presided. Physical techniques and 
chemical techniques each occupied a session, with G. 
Friedlander of Brookhaven National Laboratory and 
E. K. Hyde of the University of California Radiation 
Laboratory, respectively, in the chair. The last session, 
under the chairmanship of C. H. Townes of Columbia 
University, was devoted to a survey of spectroscopic 
and atomic beam methods for nuclear information. 

The general framework for next year’s Conference 
was extensively discussed, with the majority opinion 
favoring continued emphasis on nuclear chemistry 
rather than on chemical tracer applications, as many 
applications of radiochemistry are covered in other 
Gordon Conferences. However, the consensus was that 
such borderline subjects as the role of long-lived radio- 
activities in geochemistry and the extranuclear effects 
of nuclear processes should properly be included in 
future conferences. Officers chosen for the next Con- 
ference were Gerhart Friedlander, Chairman, and 
Truman P. Kohman, Vice-Chairman. 

Cartes D. CorYELL 

Department of Chemistry 
Massachusetts Institute of Technology 


Scientists in the News 


McGeorge Bundy, Associate Professor of Govern- 
ment at Harvard University, succeeds Paul H. Buck 
as Dean of the Faculty of Arts and Sciences, which is 
the university’s largest faculty and which controls 
both Harvard College and the Graduate School of 
Arts and Sciences. 


E. D. Merrill, Arnold Professor Emeritus of Botany 
at Harvard University and formerly Director of the 
Arnold Arboretum, has been elected a foreign mem- 
ber of the Royal Netherlands Academy of Science. 


Ralph Metheny, formerly Manager of the Veterans 
Administration Hospital in Syracuse, has been ap- 
pointed Clinical Associate Professor (hospital ad- 
ministration) in the Department of Public Health and 
Preventive Medicine of the State University of New 
York College of Medicine. 


Frank Neumann, Chief, Seismology Branch, Division 
of Geophysics, Coast and Geodetic Survey, has retired 
after 42 years of service. After receiving his educa- 
tion at the Baltimore Polytechnic Institute and join- 
ing the Survey, he was for several years engaged in 
magnetic field work and directed the magnetic and 
seismological observatories in Puerto Rico and Ha- 
waii. In 1925, when the Coast and Geodetic Survey 
was recognized as the authority for the investigation 
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of earthquakes, he was placed in charge of this activ- 
ity. 

Notable among Mr. Neumann’s achievements in the 
field of seismological research are: (1) the discovery, 
through the study of Stismograph records in 1932, of 
a much discussed change in the character of the rock 
structure of the earth just beneath the basement rocks 
of the crust; (2) development of a method of double- 
integrating accelegraph records of destructive earth- 
quake reactions so as greatly to increase the usefulness 
of the data for engineering and other purposes; (3) 
constructign of the first torsion pendulum analyzer 
that makes it possible to reproduce, in slow motion, the 
theoretical movements of a building during an earth- 
quake; and (4) the conduct of studies directed toward 
formulating the complex relationship that exists be- 
tween earthquake intensity and actual ground motions, 

In 1952 Mr. Neumann was guest of the Haitian 
Government in surveying earthquake destruction and 
recommending future procedures in regard to the 
earthquake problem. He has served as consultant for 
engineering-vibration problems at damsites on the 
Pacifie coast and for related problems in the Canal 
Zone. He also made the initial measurements that 
determined the amount of sway of the Washington 
Monument and aided in the solution of vibration prob- 
lems associated with the remodeling of the White 
House. In 1950 Mr. Neumann received the Depart- 
ment of Commerce Silver Medal for meritorious serv- 
ice, 

Mr. Neumann is author of numerous seismological 
publications. A member of many professional societies, 
he served two terms as president of the Seismological 
Society of America. During his retirement Mr. Neu- 
mann will be Professor of Seismology at the Univer- 
sity of Washington in Seattle, and will continue his 
research in engineering seismology. 


John V. Quaranta, formerly an assistant professor 
at Manhattan College, has been appointed Chairman 
of the Department of Psychology and Director of 
Guidance at Marymount College, Tarrytown, N.Y. 


Gustaaf Rambitan, chief civilian medical officer of 
Djakarta, Republic of Indonesia, is serving as a 
visiting fellow for six months at Ohio State Univer- 
sity, where he is studying aviation physiology under 
Fred A. Hitchcock of the physiology faculty. Dr. 
Rambitan is supported by a grant from the Division 
of International Health of the Education and Train- 
ing Branch, U.S. Public Health Service. During his 
stay in this country he will visit the Civil Aeronautics 
Administration in Washington, D.C., and will at- 
tend several conferences. Before returning to Dja- 
karta, where he will head the civil aviation medical 
division, Dr. Rambitan will study for six months in 
the Netherlands. 


John D. Roberts, Professor of Organic Chemistry 
at the California Institute of Technology, has been 
named recipient of the 1954 American Chemical So- 
ciety award in pure chemistry. The $1000 award is 
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given annually to an outstanding young chemist in 


recognition of his contribution in fundamental 
research. Dr. Roberts is the third member of the 
Caltech faculty to receive the honor in the past 
five years. His chief investigations have dealt 
with theoretical organic chemistry, and he has con- 
ducted radioactive tracer research and studies on 
small-ring organic compounds and rearrangement 
reactions of organie compounds. 


Last spring two new directive positions were cre- 
ated within the Inter-American Institute of Agricul- 
tural Sciences, Turrialba, Costa Rica. The new posi- 
tions of Deputy Director and Director of Research 
and Education were assigned respectively to Armando 
Samper, Head of the Scientific Communications Serv- 
ice, and H. C. Thompson, Head of the Plant Industry 
Department. Both men have continued with their 
regular duties in addition to those of the new posts. 


S. Smith Stevens, Professor of Psychology at Har- 
vard University and Director of the Psychological 
Laboratories, has been invited to spend the coming 
year at the Institute for Advanced Study at Princeton. 


Edward A. Strecker, Chairman of the Department 
of Psychiatry at the University .of Pennsylvania, 
retired in June after having filled the post for 22 
years. He has been succeeded by Kenneth Appel, who 
has been associated with the University and with the 
Pennsylvania Hospital since 1924. Dr. Strecker is the 
author of many books and articles on psychiatry. 

One of the less well-known monuments of his dis- 
tinguished career is the Strecker Psychiatrie Society, 


_ which was founded in 1945. This society is an under- 


graduate medical organization of about 40 members. 
It serves a very useful educational purpose and the 
meetings, in which nationally known guest speakers 
participate, have a large attendance. 


Education 


The American Association for Health, Physical Edu- 
cation and Recreation has appointed a committee, 
headed by Dr. Arthur Steinhaus, to work with the 
National Society for Medical Research, Chicago, in 
developing programs and materials for education in 
the schools. 


Amherst College is constructing a subterranean 
vault designed to house 6 to 8 ounces of radioactive 
cobalt. The material will make possible further studies 
of radiation effects, both direct and genetic. The use 
of the cobalt will be supervised by Harold H. -Plough, 
Professor of Biology, who has returned from the 
Nevada Proving Grounds (Yueea Flat) after two 
years as Assistant Chief of the Biological Branch of 
the Atomic Energy Commission. 

Linked to the biology laboratory by an underground 
passage, the 12-foot-square concrete-lined chamber 
will hold the cobalt in a heavy lead container mounted 
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on a movable carrier. The cobalt at Amherst has a 
total strength of 500 curies (equal to the amount given 
off by a pound of radium), but will actually deliver 
600 roentgens per hour at a distance of 30 inches, At 
the end of five years it will have lost approximately 
half its original strength. Exposure to the radioactive 
metal will be possible only after the room has been 
sealed, and will be regulated by means of levers in the 
passageway. The entire vault will lie under several 
feet of earth so that there can be no external con- 
tamination. Funds for the new project were made 
available by the Atomic Energy Commission. 


The Seoul National University School of Public 
Health has recently been established in Korea. In re- 
sponse to a special message from Col. James P. 
Pappas, Chief of the Public Health Section of the 
United Nations Civil Assistance Command in South 
Korea, the Harvard School of Publie Health assem- 
bled an emergency library of more than 300 publie 
health and preventive medicine textbooks and refer- 
ence works. The library was flown to Seoul in time 
for the opening of the new public health school, the 
first in Korea. Further additions to the library are 
seriously needed. 


The University of Texas has announced consolidation 
of the Department of Applied Mathematies and As- 
tronomy and the Department of Pure Mathematics 
into a single department, to be known as the Depart- 
ment of Mathematics and Astronomy. 


Grants and Fellowships 


The Explorers Club, an organization of scientific ex- 
plorers with headquarters in New York City, has es- 
tablished a fund for exploration. Grants are made 
from this fund for worthwhile exploratory activities. 
The grants are considered by the Exploration Fund 
Committee, which consists of Serge A. Korff, Chair- 
man, Professor of Physies at New York University; 
Alexander Wetmore, Secretary of the Smithsonian 
Institution; Samuel Stein, Chairman of the Law Com- 
mittee of the Explorers Club; C. R. Vose of the Vose 
Insurance Company; James R. Allis, Treasurer of the 
Explorers Club; Charles B. Hiteheock, Director of 
the American Geophysical Society; and G. Tate, 
herpetologist with the American Museum of Natural 
History. Applications should be sent to the Secretary 
of the Club, and must show the nature, sponsorship, 
commercial interest, and other details of the proposed 
expedition. 


In the last 8 months the Lasdon Foundation, Inc. has 
made 26 research grants, amounting to $178,092.54, 
to universities and médical centers throughout the 
United States and abroad. It is the policy of the 
Foundation to support selected medical projects in 
order to sustain research activities that might other- 
wise be neglected. The most recent group of awards 
ineludes one of $15,000 to Harvard Medical School 
for further studies into the transplantation of the hu- 
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man kidney, and one of $15,856 to Washington Uni- 
versity, St. Louis, for research into certain phases of 
hypertension and other vascular diseases, under the 
direction of Henry A. Schroeder. 


The National Science Foundation will award indi- 
vidual grants to defray partial travel expenses of a 
limited number of American plant scientists who will 
attend the Eighth International Congress of Botany 
to be held in Paris, France, July 2-14, 1954. Applica- 
tion blanks may be obtained from the National Science 
Foundation, Washington 25, D.C. Completed applica- 
tions must be returned to the Foundation by Jan. 1, 
1954. Announcements of the travel grants to be 
awarded will be made in March, 1954. 

Initial selection of botanists to be awarded travel 
grants will be made by a committee representing all 
major areas of plant science to be chosen by the 
American Institute of Biological Sciences. Final selee- 
tion of grantees will be made by the National Science 
Foundation. 


Research grants numbering 1419 and aggregating 
$13,716,318 have been awarded by the U.S. Public 
Health Service upon the recommendation of advisory 
councils to the National Institutes of Health at their 
meetings in Washington last June. (At the next meet- 
ings, which start in October, the total is expected to 
be considerably higher.) Heart research led the list 
with 332 awards totalling $3,380,021. Next in order 
were the following: cancer, 298, $2,841,282; general, 
240, $1,957,950; arthritis and metabolic, 191, $1,716,- 
169; neurology and blindness, 155, $1,590,203; micro- 
biology, 125, $1,206,278; mental, 65, $890,683; and 
dental, 13, $133,732. 


In the Laboratories 


M. W. Olsen and S. J. Marsden of the Bureau of 
Animal Industry, Beltsville Agricultural Research 
Center, U.S. Department of Agriculture, report that 
living, fatherless embryos have developed in 15% of 
all eggs laid by experimental virgin turkey hens. This 
may be the first observed case of natural partheno- 
genesis in birds. I¢ is known to occur as far up the ani- 
mal seale as fish or frogs, and has been induced even 
in rabbits. 

In 98% of the fatherless embryos development was 
disorganized, a translucent membrane simply spread- 
ing over part or all of the egg yolk. None of the 
embryos ever lived more than seven days, and usually 
stayed alive only two to four days. 


An improved technique for studying photosynthesis 
has been developed at the State University of New 
York College of Forestry. John P. Decker, plant 
physiologist who has experimented in charting the 
metabolic rates of trees and green plants since 1938, 
conducted the work on this gas analysis apparatus for 
determining the amount of CO, taken from the air 
by the green plant. The new method permits re- 
searchers to obtain in two minutes data which formerly 
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required two hours, and with a degree of accuracy 
which was previously impossible. The heart of the ap- 
paratus is a new electronic device, an infra-red gas 
analyzer perfected by Max Liston, a physicist of 
Stamford, Conn. In its original form the analyzer 
was developed in Germany’for use as a-carbon monox- 
ide warning device in German U-boats during World 
War II. When adapted to carbon dioxide, the analyzer 
was ideal for Dr. Decker’s purposes. 

This photosynthesis apparatus should have many 
important applications. John Clark, research specialist 
of the Laboratory of Forest Biology at Fredericton, 
New Brunswick, Canada, will use the new technique 
in studies of the effect of defoliating insects on the 
photosynthetic capacity of Canadian forests, now a 
serious problem. Further, the improved method of 
measuring may lead to a cheaper production of sugar 
by aiding in the detection of genetically superior 
plants obtained from hybridization. Similar uses by 
other plant breeders will obviously suggest themselves. 


The University of Minnesota Laboratory of Physio- 
logical Hygiene has commenced a 5-year program on 
minimum food needs in emergencies. Investigators 
hope to determine how much food and what kinds a 
man requires to maintain his eapacity for working or 
fighting under survival conditions. Sponsored by the 
Quartermaster General and Surgeon General of the 
Army, these new studies are designed to help the 
Defense Department plan for military emergencies. 
Nineteen soldiers from Ft. Lee, Va., have volunteered 
for rigid discipline and periods of real hunger and 
discomfort to aid scientific knowledge in the first of a 
series of experiments, each lasting 6-8 weeks. 

These experiments will also yield valuable informa- 
tion about basic human physiology and biochemistry, 
and the circulation tests to be used will dovetail with 
the main long-term research of the laboratory on heart 
disease and aging of the blood vessels. Henry L. 
Taylor, an associate professor, is in charge of the 
early experiments. He will be assisted by Joseph T. 
Anderson and Ernst Simonson, associate professors, 
and a staff of 20 doctors and technicians. 

The well-known “Minnesota Starvation Experi- 
ments,” with conscientious objectors as subjects in 
1944-46, was the laboratory’s last major experiment 
on undernutrition. During the war, the laboratory did 
pioneer work for the Army in developing and testing 
combat rations, including the “K” ration. 


Meetings and Elections 


The American Society of Biological Chemists has 
elected the following officers for 1953-54: pres., D. 
Wright Wilson; v. pres., C. G. King; see., Philip 
Handler; treas., Philip P. Cohen. 


The 5th Canadian High Polymer Forum will take 
place at London, Ontario, Nov. 19-20. Meetings will 
be held in the Auditorium of the London Public 
Library and Museum, and hotel accommodation will 
be at the Hotel London, a short distance away. In- 
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formation and reservations may be obtained from Dr. 
H. Leverne Williams, Polymer Corp. Ltd., Sarnia, 
Ontario, Canada. 

As part of the Forum there will be an invited ad- 
dress by D. P. Riley of the Royal Institution, London, 
England, and a group dinner. The Committee will ar- 
range visits to the University of Western Ontario and 
local industries. Eighteen papers have been accepted 
by the Progamme Chairnian. Further contributions 
ean still be accepted for the final program by submit- 
ting a title and a 200 word abstract to the Programme 
Chairman, Prof. R.V.V. Nicholls, MeGill University, 
Montreal, Quebec. 


The Members of the Board for 1953-54 of the Fed- 
eration of American Societies for © xperimental Biology 
are: 

American Physiological Society: pres. E. F. 
Adolph; pres. elect, H. E. Essex; past pres., E. M. 
Landis; exee. sec., M. O. Lee (federation secretary). 

American Society of Biological Chemists: pres., D. 
W. Wilson; see. Philip Handler; Vincent du 
Vigneaud (appointed to fill vacaney caused by the 
death of past pres. H. A. Mattill). 

American Society for Pharmacology and Experi- 
mental Therapeutics: pres., Harvey B. Haag; sec., 
Carl C. Pfeiffer; past pres., K. K. Chen (federation 
chairman). 

American Society for Experimental Pathology: 
pres., D. Murray Angevine; sec., C. C. Erickson; past 
pres., S. C. Madden. 

American Institute of Nutrition: pres., C. A. Elveh- 
jem; sec., J. M. Orten; past pres., P. L. Day. 

American Association of Immunologists: pres., 
Thomas P. Magill; see., John Y. Sugg; past pres., 
John F. Enders. 


During the 19th International Physiological Con- 
gress in Montreal, official delegates from Physiologi- 
cal Societies of seventeen countries voted unanimously 
to form an International Union of the Physiological 
Sciences. A Council of eleven members was elected. 
Its composition is as follows: E. D. Adrian (Eng- 
land), C. H. Best (Canada), K. M. Bykov (Russia), 
C. Heymans (Belgium), B. A. Houssay (Argentina), 
Y. Kuno (Japan), E. Lundsgaard (Denmark), A. 
Mayer (France), A. von Muralt (Switzerland), M. 
B. Visscher (U.S.), and H. H. Weber (Germany). 
The Council elected C. H. Best as president and M. 
B. Visscher as secretary for three-year terms. The 
Council was instructed by the Assembly of the 
I.U.P.S. to complete arrangements for adherence to 
the International Council of Scientific Unions and to 
the Council for International Organizations in the 
Medical Sciences. The Council was also instructed to 
initiate actions looking toward improvements in the 
abstracting and indexing of literature in the physi- 
ological sciences on a world basis. 


The 26th annual Pecos Conference of Southwestern 
Anthropologists was held at the Museum of Northern 
Arizona, Flagstaff, on August 17, 18, and 19. One 
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hundred and twenty-five scientists from forty-three 
universities, colleges, museums, and research founda- 
tions submitted reports. Next year’s meeting will be 
held at Globe, Ariz., where conference participants 
will be guests of the United States National Park 
Service at Gila Pueblo, Headquarters of the South- 
west Monuments. 


The Society of Protozoologists elected the following 
officers at its annual meeting last month: pres., David 
H. Wenrich, Zoological Laboratory, University of 
Pennsylvania; v. pres., William F. Diller, Zoological 
Laboratory, University of Pennsylvania. Officers 
whose terms have not expired are: treas., Reginald 
D. Manwell, Syracuse University; see., Norman D. 
Levine, College of Veterinary Medicine, University 
of Illinois. Representative to the AAAS Council is 


L. R. Cleveland, Biological Laboratories, Harvard 
University. 


The Sixth Session of the South East Asia Regional 
Committee of the World Health Organization took 
place last month at the Sala Santithan (Hall of 
Peace) in Bangkok’s new United Nations Building. 
Abdul Rahim, Delegate from Afghanistan, was 
elected Chairman. Delegates from seven countries as 
well as observers from the United Nations, the United 
Nations Children’s Fund, the Food and Agriculture 
Organization, and UNESCO were present when the 
meeting was called to order by the retiring chairman, 
M. Soerono of Indonesia. He stressed his great dis- 
appointment over the serious curtailment in funds 
available to the World Health Organization through 
the United Nations Technical Assistance Program. 
Under the cireumstanees, he said it would be necessary 
for all countries to redouble their efforts to utilize 
available assistance most effectively. 

M. G. Candau, Director-General of the World 
Health Organization, emphasized in his address the 
economic value of health work. He declared that 
India would add an estimated 40 million man hours 
yearly in only one area where the Government was 
carrying out large-scale operations in malaria control. 
He recalled that India, like most of the other coun- 
tries in Southeast Asia, is rapidly expanding its 
anti-malaria work with the aim of eliminating it as 
a public health problem within a few years. Dr. 
Candau added that he hoped that the results already 
achieved by the Technical Assistance Program would 
not be jeopardized by economies which were ridicu- 
lously small as compared with the money the world 
is spending for non-constructive purposes. 

The countries ineluded in the South East Asia 
Region are: Afghanistan, Burma, Ceylon, India, In- 
donesia, Nepal, and Thailand. In addition to dele- 
gations from member countries, representatives from 
French and Portuguese India attended. The meeting 
was followed by a Southeast Asia regional confer- 
ence on malaria, also in Bangkok. This was the first 
region-wide malaria conference ever to be held in 
Southeast Asia and it brought together some of the 
world’s foremost specialists in modern malaria control. 
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A University of Buffalo research conference on “The 
Physics of Carbons” will be presented on its campus 
on Nov. 12. The Physies Department of this institution 
has been devoting its major research efforts to the 
field of carbons since 1949, and its research is now 
being sponsored by the Office of Naval Research and 
the United States Atomic Energy Commission. Res- 
ervations may be made by communicating with the 
Industrial Liaison Office, 172 Hayes Hall, The Uni- 
versity of Buffalo, Buffalo 14, N.Y. 


Recent Deaths 


José Tinoco Acero (70), astronomer and former 
director of the Madrid Observatory, Madrid, Spain, 
Oct. 8; Thanning W. Andersen (56), anatomist, Medi- 
eal College of Virginia, Richmond, Va., Sept. 25; 
Georges Baril (68), chemist, author, and dean of the 
Faculty of Sciences, University of Montreal, Montreal, 
Canada, Oct. 8; W. R. B. Battle (34), glaciologist, 
Baffin Island, Canada, July 13; Wainwright D. Blake 
(59), associate professor of psychology, Bucknell 
University, Lewisburg, Pa., Oct. 3; John B. Brande- 
berry (59), dean of the College of Engineering, Uni- 
versity of Toledo, Toledo, Ohio, Sept. 23; Byron C. 
Brunstetter (52), executive secretary of the Division 
of Research Grants’ Hematology and Pathology Study 
Sections, National Institutes of Health, Bethesda, Md., 
Sept. 16; Colin Campbell (65), dean of the Faculty 
of Science, University of Manchester, England, Aug. 
23; Ermine C, Case (82), geologist, author, professor 
emeritus, and retired director of the Museum of 
Paleontology, University of Michigan, Ann Arbor, 
Mich., Sept. 7; Arthur N. Clagett (82), cancer special- 
ist and former professor, Ill. Post-Graduate Medical 
School and Loyola University, Chicago, Ill., Sept. 20; 
Edwin J. Cohn (60), blood specialist, researcher, and 
director of the Harvard Laboratory of Physical Chem- 
istry, Cambridge, Mass., Oct. 1. 

Max Einhorn (91), retired gastroenterologist, inven- 
tor of surgical instruments, and author, New York, 
N.Y., Sept. 25; Robert B Eiten (46), professor of 
mathematics, University of Detroit, Detroit, Mich., 
Oct. 6; Lloyd D. Felton (67), former professor, re- 
searcher, and retired medical director at the National 
Institutes of Health, Bethesda, Md., Sept. 11; H. E. 
Fierz-David (71), chemist, author, and professor 
emeritus at Eidgenéssische Technische Hochschule, 
Ziirich, Switzerland, Aug. 25; Colin G. Fink (71), re- 
search chemist and professor emeritus of chemical 
engineering at Columbia University, New York, N.Y., 
Sept. 16; Ciro Molina Garces (62), agricultural scien- 
tist, Cali, Colombia, Sept. 25; Norman R. Goldsmith 
(46), dermatologist, researcher, and author, Lancaster, 
Pa., Oct. 9; Jacob J. Golub (62), retired medical di- 
rector and executive vice president of the Hospital 
for Joint Diseases, New York, N.Y., Sept. 23; Louis 
V. Hayes (62), professor of oral surgery, New York 
University College of Dentistry, New York, N.Y., 
Oct. 5; Edward O. Heinrich (72), criminologist and 
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former professor at the University of California, 
Berkeley, Calif., Sept. 29; Edwin P. Hubble (63), as- 
tronomer and chairman of the joint Mount Wilson- 
Palomar Research Committee, Calif., Sept. 28; Her- 
man P. Hurlong (73), president of the Pan-American 
Ontological Association and professor at the Univer- 
sity of Mexico, Mexico, Sept. 24; James M. Labberton 
(60), professor of marine engineering at the New 
York University College of Engineering, New York, 
N.Y., Oct. 6. 

Donald M. McNicol (78), electrical engineer, 
author, and former lecturer in the Sheffield Scientific 
School of Yale University, New Haven, Conn., Sept. 
17; Clare K. Madden (53), assistant professor of 
orthodontics at the Columbia University School of 
Dental and Oral Surgery, New York, N.Y., Sept. 17; 
Ray A. Moncrieff (67), hydroelectric engineer and 
vice president of Charles T. Main, Ine., Boston, Mass., 
Sept. 28; Irving H. Morse (85), sugar chemist, author, 
and inventor, New Orleans, La., Sept. 9; Ralph S. 
Overman (37), researcher and assistant professor of 
biochemistry in medicine at Cornell University Medi- 
cal College, New York, N.Y., Sept. 10; Alfred M. 
Peter (96), emeritus head of research chemistry at 
the University of Kentucky Agricultural Experiment 
Station, Lexington, Ky., Aug. 11; José Antonio Presno 
(77), president of the Academy of Sciences, Havana, 
Cuba, Sept. 12; F. H. Rein (56), physiologist, author, 
and former professor at the University of Gottingen, 
Germany, May 14; Roberto Luiz Restrepo (71), 
mining engineer, Bogota, Colombia, Sept. 24; Harri- 
son A. Ruehe (65), professor of dairy science at the 
University of Illinois, Urbana, IIL, Oct. 8. 

Florence R. Sabin (81), first woman member of the 
National Academy of Sciences, and emeritus member 
of the Rockefeller Institute for Medical Research, 
New York, N.Y., Oct. 3; Edward B. Sanigar (51), 
physical chemist, Naval Radiological Defense Labora- 
tory, San Franciseo, Calif., July 28; Florian E. 
Schmidt (69), researcher on chest diseases and medical 
director of the Chicago Heart Association, Chicago, 
[ll., Sept. 10; Louis A. Scholl, Jr. (65), chief of the 
geophysical division of the Texas Company, Houston, 
Tex., Sept. 22; Jasper P. Scott (55), research chemist 
and executive director of operations planning for Eli 
Lilly and Company, Indianapolis, Ind, Sept. 8; Wil- 
liam C. Shank (39), chemist and former managing 
editor of Biological Abstracts, Springfield, Pa., Sept. 
3; G. Martin Shepherd (58), research chemist at the 
National Bureau of Standards, Washington, D.C., 
Sept. 17; Samuel Siegler (58), gynecologist and 
author, New York, N.Y., Sept 15; Horace W. Soper, 
specialist in diseases of the digestive tract and former 
president of the National Gastroenterological Associa- 
tion, St. Louis, Mo., Sept. 28; Homer F. Swift (72), 
emeritus member of the Rockefeller Institute for Medi- 
eal Research, New York, N.Y., Sept. 24; Albert A. 
Teeter (65), retired vice president and director of 
Chas. Pfizer & Co., New York, N.Y., Sept. 3; William 
M. Thornton, Jr. (69), lecturer in chemistry at Loyola 
College, Baltimore, Md., Sept. 22. 
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Technical Papers 


Species Specificity of Fibrinogen as 
Revealed by End-Group Studies* 


L. Lorand and W. R. Middlebrook 


Department of Physiology and Pharmacology, 

College of Medicine, Wayne University, Detroit, Michigan, 
and Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, Pasadena 


The studies on bovine fibrinogen carried out during 
the past few years have established the principles in- 
volved in the clotting phenomenon (1-6). As has been 
known for some time, the actual gelation phase of clot- 
ting is preceded by the enzymic action of thrombin on 
fibrinogen. The altered fibrinogen is ready to aggre- 
gate into a clot whenever the ionic strength and the 
pH of the medium are suitable (7). The change that 
fibrinogen undergoes prior to aggregation has been 
characterized by a change in the N-terminal residues 
of the protein from glutamic acid to glycine (2, 4). 


‘Since after the action of thrombin a-amino groups of 


glycine are left on fibrin and since the enzyme was 
found to be specifie for arginyl esters (8), it is pos- 
sible to predict that bovine thrombin splits some 
arginyl-glycine bonds of fibrinogen. During the en- 
zymic phase of the clotting reaction nonprotein nitro- 
gen (ca. 3%) is liberated from fibrinogen in the form 
of fibrino-peptide (3, 5). Fibrino-peptide is an acidic 
unit of the fibrinogen molecule and represents highly 
charged centers at physiological pH (6). The removal 
of these centers by thrombin would eliminate some re- 
pelling charges from fibrinogen, and the discharged 
sites on the protein could serve as contact points for 
neighboring molecules. Once the fibrin particles are 
aligned in an oriented fashion, secondary forees would 
strengthen their association (1). 

It is believed that the clotting of fibrinogen reveals 
a story that has a significance beyond the borders of 
blood coagulation itself, and it may be an indication 
of how certain principles are being utilized in build- 
ing biological fibers. The mechanism represented by 
the fibrinogen-fibrin transformation may be a common 
pattern in the biogenesis of a number of proteins. 
The enzymically altered protein displays quite dif- 
ferent properties from that of the primary one, al- 
though it differs very little from it in molecular and 
chemical constitution. In the case of fibrinogen, the 
altered protein acquires the property of spontaneous 
fiber formation through the loss of localized charges. 
The concept of such relatively minor changé during 
clotting is in agreement with all experimental data 
so far. 

The above picture of the clotting reaction was 
derived from experiments using bovine material. It 

1 This work was started at the Department of Biomolecular 
Structure of the University of Leeds, England. Thanks are 


due to the Regional Blood Transfusion Service of Leeds for 
a supply of human plasma. 
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was deemed of considerable importance to investigate 
whether species-specific differences could be demon- 
strated by studying human fibrinogen and its cloiting 
by human thrombin. The present note reports on the 
N-terminal residues of human fibrinogen and on the 
changing of these groups in association with human 
thrombin. The end-group assay was carried out by 
Sanger’s technique (9, 10) similar to the work per- 
formed on bovine material (4). Human fibrinogen (ea. 
85% clottable) was prepared by ammonium sulfate 
fractionation (11) from the aleoholic Fraction I of 
plasma. Fibrin was separated after clotting with 
thrombin? by dissolving the clot in urea and precipi- 
tating fibrin by dilution with saline (4). Table 1 shows 


TABLE 1 


N-TERMINAL RESIDUES 
(moles/g of protein) 


Bovine Human 


Fibrinogen Tyrosine 
(1 mole/ea. 


Tyrosine 
(1 mole/ea. 


220,000 g) 220,000 g) 
Glutamie acid Alanine 
(1 mole/300,000-— (1 mole/ea. 
500,000 g) 300,000 g) 
Fibrin Tyrosine Tyrosine 
(1 mole/ea, (1 mole/ea. 
220,000 g) 220,000 g) 
Glyeine Glycine 
(1 mole/ea. (1 mole/ea. 
100,000 g) 120,000 g) 


the comparative findings on bovine and human sub- 
strates. 

Beside the end groups mentioned in Table 1, other 
amino acids were also found with free a-amino groups, 
but their quantities (1 mole /1,000,000 g of protein) 
suggested that they were derived from impurities in 
the fibrinogen preparation, and not from the clotting 
protein itself. It transpires from these investigations 
that species-specific differences between bovine and 
human fibrinogens are revealed by the assay of the 
N-terminal amino acid residues. The determinations of 
these groups seem to provide a fairly sensitive sign of 
species specificity in the case of fibrinogen, similarly 
to that found for certain hemoglobins (72). It is in- 
teresting to note that in fibrinogen the peptide chain 
(terminating in glutamic acid in bovine, and in ala- 
nine in human material) undergoing most obvious 
alteration during clotting carries a sign of species 
specificity. . 

On the whole, one may conclude that while there 
are certain species-specific differences at the molecular 
level in fibrinogen, the basie principles involved in the 
clotting reaction seem to be the same for both bovine 

2 We acknowledge the gift of alcoholic Fraction I of human 


plasma from Dr. R. Murray, and a sample of human throm 
bin from Dr. W. H. Seegers. 
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and human material. The disappearance of the glu- 
tamiec acid N-terminal residues from bovine fibrinogen 
during clotting foreshadowed the cleavage of fibrino- 
peptide from the protein. Similarly, the disappear- 
ance of the alanine N-terminal residues from human 
fibrinogen upon clotting with homologous thrombin 
suggests the existence of human fibrino-peptide. More- 
over, the postulated human fibrino-peptide would have 
to differ from the demonstrated bovine one, at least 
in its N-terminal residues. 
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The Growth and Shrinkage of Aerosols 


Victor K. La Mer and Sydney Cotson 


Department of Chemistry, 
Columbia University, New York City 


When a nonvolatile aerosol, e.g., one composed of 
minute droplets of dioctyl phthalate (DOP) suspend- 
ed in air, is introduced into a flask whose bottom and 
side walls are wetted with a master solution contain- 
ing DOP and a miscible volatile solvent such as tolu- 
ene, the aerosol droplets grow with extreme rapidity 
by absorbing the ambient vapor of the volatile solvent. 
Equilibrium is reached in a few seconds or less and 
persists for a considerable period of time as judged 
by the constant positions of the red bands in the 
Higher Order Tyndall Spectra produced when a beam 
of white light is directed through the aerosol. 

The extent of growth is determined by the fixed 
partial pressure of toluene from the master solution; 
for the smaller droplets there is the additional effect 
of curvature of the droplet upon the vapor pressure 
of the volatile component (Kelvin effect) to be taken 
into account. When correction is made for the ecurva- 
ture effect, La Mer and Gruen (1) have shown that 
this procedure furnishes a very rapid, simple, and 
exceedingly accurate method of determining particle 
radii that are too small to measure without growth. 

The present investigation involves the reverse proc- 
ess; namely, the shrinkage of aerosols. Monodisperse 
aerosols of DOP of the order of 0.10 » in radius were 
first produced in a La Mer-Sinclair homogeneous gen- 
erator (2-5) and grown over master solutions of 
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DOP and toluene. By observations of the Higher 
Order Tyndall Spectra, the particle radius was then 
obtained. The grown aerosol was then passed into a 
second vessel containing a master solution with a 
lower proportion of the wolatile component toluene. 
From the angles of the Higher Order Tyndall Spectra, 
it was observed that the aerosol diminished in size, 
and attained equilibrium with the second master solu- 
tion almost immediately. Shrinkage experiments were 
carried out using master solutions of various composi- 
tions, and similar phenomena were observed in all 
eases, 

Some typical results are given below. The radius 
of the grown aerosol for each of the two master solu- 
tions (r,) is followed by the radius of the initial aerosol 
(r;) caleulated as shown in the La Mer-Gruen paper, 
allowing for the Kelvin effect and assuming that equi- 
librium has been set up between the aerosol and the 
master solution. The compositions of the master solu- 
tions are indicated by numbers, K =2, 3, 4; these K 
values signify that a 2-, 3- or 4-fold increase in the 
radius of the aerosol droplets would be expected if 
the Kelvin effect was ignored; i.e., the solution for 
which K =2 has the composition [(2)*-1] parts by 
volume of toluene to 1 part of DOP. In practice of 
course, because of the Kelvin correction, the grown 
aerosol does not attain the size suggested by the K 
value. 


rg (microns) 


r; (microns) 
Bxperinent exptl. ealed. 
(a) K=38 0.520 0.194 

K=2 0.365 0.190 
(b) K=4 0.590 0.187 

K=8 0.510 0.192 
(ec) K=4 0.605 0.191 

K=2 0.355 0.186 


The agreement within the limits of experimental 
error between the values‘of r, for the two master solu- 
tions in each set of results indicates then that the 
growth and shrinkage of the aerosol under these ex- 
perimental conditions is an equilibrium process. 

Attempts have also been made to ascertain whether 
or not the presence of a surface film on the aerosol 
had any effect in reducing the rate of shrinkage when it 
was placed over the second master solution. If the sur- 
face of the droplet became contaminated, the contami- 
nation should remain on the periphery if the contami- 
nant lowers the surface tension. With decreasing size, 
the skin of the contaminant would shrink and might 
impede the rate of evaporation of the volatile compo- 
nent by forming a complete surface. It was hoped 
that experiments of this type might furnish an expla- 
nation for the frequently reported failure of smogs 
to evaporate when the relative humidity became lower 
than the equilibrium value. Since it is difficult te find 
a suitable surface contaminant that is not soluble in 
toluene, growth and shrinkage experiments were made 
with pure sulfuric acid aerosols over master solutions 
of H,SO,-H,O. Oxidized hydrocarbon oils could be 
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used here as surface contaminants. It was not found 
possible, however, to prepare H,SO, aerosols that 
were as monodisperse as those prepared from DOP. 
Consequently, when these aerosols were grown over 
the master solutions, the resulting aerosols became too 
polydisperse to exhibit reasonably distinct orders in 
the Higher Order Tyndall Spectra. This increase in 
polydispersity on growth may be attributed to the 
Kelvin effect; ie., the growth of the smaller droplets 
in the initially moderately polydisperse pure H,SO, 
aerosol is inhibited with respect to the growth of the 
larger droplets, thus broadening the range of the size 
distribution. Reasonable results in growth or shrink- 
age experiments using the light scattering technique 
may therefore only be obtained when the initial aeroso] 
is very monodisperse as in the case of DOP. The in- 
erease in polydispersity on growth has been discussed 
theoretically in detail elsewhere (6). 

Quite similar results to those obtained in the case 
of sulfuric acid were obtained when attempts were 
made to grow glycerol aerosols over glycerol-water 
solutions. 
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Evidence for X-Ray Induced Recessive 
Lethal Mutations in Yeast* 


Robert K. Mortimer and Cornelius A. Tobias 
Donner Laboratory, University of California, Berkeley 


The difference in radiosensitivity of haploid and 
diploid yeast cells, as shown by earlier investigations 
(1-3), indicates that the site of the radiation-induced 
damage is in the nucleus. This difference in sensitivity 
of the two ploidies has been accounted for quantita- 
tively (3) by assuming that the damage to the cells is 
principally in the form of recessive lethal mutations, 
the haploid cell being killed by one such mutation 
while the diploid cell would be killed only when an 
allelic pair of such mutations has been induced. On 
the basis of these assumptions, one would expect many 
of the diploid cells which survive a dose of x-rays to 
earry one or more recessive lethal mutations in hetero- 

2 This work was supported by a contract between the Uni- 
versity of California and the Atomic Energy Commission, 
and by the State of California Cancer Fund. This paper was 


presented at the meeting of the Radiation Research Society, 
June, 1953. 
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TABLE 1 


NuMBER Asci SHOWING DIFFERENT FRACTIONAL 
GERMINATIONS FROM CONTROL AND 
IRRADIATED CELLS 


Fraction of the 


spores germinat- Control 2500 r 7500 r 
ing per ascus 
4/4 ll 2 4 
3/4 0 0 2 
2/4 1 4 4 
1/4 0 0 0 
0/4 0 1 6 
Total no. of asci 
dissected 12 7 16 
% viable spores 96 57 47 


zygous state. These cells should exhibit an inheritable 
increase in radiosensitivity because of the increased 
probability of producing an allelic pair of recessive 
lethal mutations with a second dose of x-rays. This 
postulate has been verified experimentally by Tobias 
and Stepka (4). 

The present experiment was undertaken in an at- 
tempt to exhibit by another procedure the presence 
of x-ray-induced recessive lethal mutations in irradi- 
ated yeast. This was carried out by demonstrating a 
reduction in the percentage of germination of spores 
produced by diploid cells previously exposed to a small 
dose of x-rays. Sporulation of a diploid cell carrying 
recessive lethal mutations weuld bring about segrega- 
tion of these mutations to the nuclei of the 4 haploid 
ascospores. Those spores receiving recessive lethal mu- 
tations would fail to germinate, and would thus pro- 
vide a direct means of detecting this form of radiation- 
induced damage. 

" Cells of a diploid culture of Saccharomyces cere- 
visiae were grown on presporulation medium (5) for 
72 hr, at which time a large loopful of cells was re- 
moved from the slant and suspended in sterile water. 
Half the suspension was placed directly on a gypsum 
slant, the other half was irradiated and then placed 
on another gypsum slant. This procedure was carried 
out for 2 doses of x-rays, 2500 r and 7500 r, both of 
which kill relatively few of the diploid cells; the lower 
dose kills only 3% of the cells whereas the higher dose 
kills about 10% of the cells. After 48 hr, a number 
of 4-spore linear asci were present in the cells which 
were sampled from both control and irradiated diploid 
slants, the frequency of sporulation being unaltered by 
the low doses of x-rays. A number of these asci, 
selected at random, were dissected using the procedure 
described by Lindegren (5), and the individual haploid 
spores were placed on separate drops of yeast extract- 
dextrose agar medium. The slide on which the spores 
were inoculated was placed on a Van Tieghem cell and 
ineubated at 30° C. The number of spores germinating 
from each ascus was observed after 72 hr incubation. 
The results of this experiment are presented in Table 1. 

The data presented in Table 1 clearly indicate that 
exposure of yeast cells to x-rays results in the indue- 
tion of recessive lethal mutations. In nearly every case, 
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asei produced by the unirradiated diploid cells con- 
tained 4 viable spores. Asci arising from the irradiated 
diploid cells, however, showed a statistically significant 
reduction in the percentage of viable spores which they 
contained (P < 0.001). The majority of the asci hav- 
ing reduced percentage germination contained either 
2/4 or 4/4 inviable spores. This is indicative of segre- 
gation of lethal gene or chromosomal mutations. These 
mutations most likely are recessive since, at the doses 
used, the diploid cell that carried them would still 
have been viable for vegetative reproduction. 
Although this experiment demonstrates the presence 
of x-ray induced recessive lethal mutations in yeast, it 
still does not prove that this is the only form of lethal 
damage induced. Extension of the radiobiological data 
on haploid and diploid yeast to triploid and tetraploid 
yeast cells (6, 7) indicates that some other form of 
lethal damage is also induced by the x-rays. This dam- 
age has been proposed to be in the form of dominant 
lethal mutations. 
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Secondary Galls and Other Plant Growth- 
Modifying Effects Induced by Translo- 
cated a-Methoxyphenylacetic Acid 


John W. Mitchell and William H. Preston, Jr.* 


U. S. Department of Agriculture, 
Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Beltsville, Maryland 


Several well-known growth-modifying compounds 
that induce cell proliferation (gall formation) such 
as 2,4-dichlorophenoxyacetic acid, 2,4,5-trichloro- 
phenoxyacetic acid, and naphthoxyacetie acid are com- 
posed of a ring nucleus and the acetic acid side chain, 
these two parts being associated through oxygen thus 
forming an ether linkage (/, 2). Alpha-methoxy- 
phenylacetic acid (MOPA), prepared by Reeve and 
Christoffel (3), has an ether linkage associated with 
a carbon of the acetic acid side chain rather than 
with a carbon of the ring nucleus. In the present 
investigation a-methoxyphenylacetic acid and several 
related compounds* were studied to determine their 


1 Principal Physiologist and Biological Science Aid, respec- 
tively. 

® Samples obtained from W. Reeve, University of Maryland, 
through the Chemical-Biological Coordination Center, Na- 
tional Research Council. 
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effects on cell proliferation and other growth re- 
sponses, 

In preliminary screening tests MOPA greatly modi- 
fied vegetative growth of cucumber, snap bean, and 
sunflower plants. It also caused primary cell prolifera- 
tion (gall formation in the treated portion of the 
stem) and secondary cell proliferation in the stems 
of bean plants, the secondary galls being formed some 
distance from the primary ones. These and other 
growth responses were therefore studied in detail by 
applying MOPA to several kinds of crop plants. 

A lanolin-Tween 20 mixture of the compound was 
prepared by dissolving 25 mg of MOPA in 0.5 g of 
Tween 20 and thoroughly mixing with 2 g of melted 
lanolin. Approximately 12 mg of the mixture was 
applied to the stem of each plant by means of a 
narrow glass rod. Various dosage levels were obtained 
by diluting aliquots of the original 1% mixture with 
the required amounts of the lanolin-Tween 20 carrier. 
The paste was placed as a band approximately 3 
mm wide around the stem midway between the first 
and the second node of bean and between the second 
and the third node of tomato and on the upper portion 
of the hypocotyl of sunflower and eucumber plants. 
Approximately the same amount of paste was applied 
as a strip about 1 em wide and extending across the 
upper surface of the first leaf of barley and corn 
plants. All plants were grown in a greenhouse and 
treated at an early stage in their development. 

The initial response by tomato and bean plants 
was a moderate and temporary stem curvature. In 
addition, primary leaf petioles of bean plants curled 
temporarily downward, the sides of the leaves folding 
upward at the midrib and thus exposing the under sur- 
faces. 

Later responses of cucumber, sunflower, and bean 
plants included suppression of terminal growth ac- 
companied by increased growth of axillary shoots. 
The compound delayed flowering and production of 
fruit by bean plants. The terminal growth of tomatoes 
was not suppressed, but development of axillary 
shoots was stimulated. Axillary shoots of treated 
tomato plants grew in length 59 times as much as did 
those of comparable untreated ones. No delay in 
flowering resulted from application of the chemical. 
Response of tomato leaves was marked, varying from 
a reduction in the size of leaflets to a reduction in 
their number. MOPA had a similar effect on the de- 
velopment of bean leaves and in addition some 4- and 
5-lobed leaves developed. 

Growth of corn and barley plants was not ap- 
parently affected by MOPA applied at various con- 
centrations ineluding 1, 0.5, 0.25, 0.13, 0.06, and 0.03%. 
In contrast, growth of the bean and tomato plants 
was affected by MOPA at all these concentrations, the 
least effect occurring at the lowest dosage level. 

So that the growth-modifying effects of MOPA 
could be compared with those of phenylacetie acid, 
each compound was applied at 4 concentration levels 
(1, 0.5, 0.25, and 0.1%) to the first internodes of 
some bean plants and to the second internodes of 
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Fic. 1. Response of bean plants to phenylacetic (left) and methoxyphenylacetic acids (difference in structure emphasized 
by double-line boxes) applied to the first internodes. Both compounds induced primary galls within the treated areas; the 
latter compound induced an additional gall within the second internode. 


others. The average fresh weight of primary galls 
induced by phenylacetic acid on first internodes and 
on second internodes was not significantly different 
from that of those induced by MOPA at any of the 
dosage levels used; there was an indication that 
MOPA was somewhat less active at the two lower 
dosage levels. When MOPA at the 1% level was 
applied to the first internodes, the secondary gall on 
each plant resulted from proliferation of cells in the 
second internode and was accompanied by almost 
complete inhibition of growth of parts above this 
internode (Fig. 1). 

Apparently sufficient MOPA was translocated from 
the site of application to the second internode te in- 
duce cell proliferation. That MOPA induced bean 
stems to develop secondary galls is not unique, how- 
ever, since several compounds related to 2,4-dichloro- 
phenoxyacetie acid have induced similar responses (4). 
Development of malformed leaves on shoots from 
axillary buds originating below the stem areas to 
which MOPA was applied indicated that this growth- 
modifying substance was also moved in a downward 
direction through bean stems. Under the conditions 
described, substitution of the methoxy group for 
hydrogen (indicated by double line boxes, Fig. 1) 
on the alpha carbon of phenylacetic acid resulted in 
a compound that may have been somewhat more 
readily translocated by the plant than was phenyl- 
acetic acid, although both compounds apparently 
possess about the same primary gall-inducing activity. 
MOPA, phenylacetic acid, and 9 related compounds 
were tested on bean plants at 1% concentration to 
compare their effectiveness in causing cellular pro- 
liferation and other growth-modifying effects. Most 
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growth modification resulted from application of 
MOPA. Substitution of hydrogen for the ring nucleus 
(methoxyacetiec acid) eliminated the gall-forming re- 
sponse, but there was marked anthocyanin develop- 
ment in the second internode. Benzyl methyl ether, 
a-methoxyacetophenone, and the following compounds 
having a hydroxyl group on the side chain proved to 
be ‘inactive: 1-methoxypropanol-2, 2-methoxypro- 
panol-1, 2-phenyl-2-methoxyethanol, 2-methoxy-1- 
phenyl-ethanol-1, and mandelie acid. The sodium acid 
salt of MOPA (3) caused growth modifications similar 
to those induced by MOPA. 

The plant growth-modifying activity of some com- 
pounds such as benzoic and phenoxyacetie acids was 
greatly increased by substitution of halogens or cer- 
tain groups of atoms for some of the hydrogen atoms 
associated with the benzene ring (2). It is apparent 
in the present experiments that MOPA, which is 
similar in structure, was relatively active as a growth- 
modifying compound without substitution in the ben- 
zene ring. Importance of chlorine substitutions on the 
benzene ring of MOPA is now being investigated. The 
effects of such well-known growth-modifying sub- 
stanees as indoleacetic, naphthoxyacetic, and 2,4- 
dichlorophenoxyacetie acids following substitution of 
the methoxy group for a hydrogen associated with the 
alpha carbon may also be of interest. 
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Autoradiographic Detection of S* in the 
Membranes of the Inner Ear of the Rat* 


Leonard F. Bélanger? 

Pes Department of Histology and Embryology, 
ee School of Medicine, University of Ottawa, 
Ottawa, Canada 


The cupula of the crista acoustica, the otolithie mem- 
brane of the macula, and the tectorial membrane of 
the organ of Corti are generally described as contain- 
ing a gelatinous substance with other different con- 
stituents (1-3). Hardesty (3, 4) described the mem- 
brana tectoria as made of a “hyaline matrix probably 
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intervals of 1-2 hr, 1, 2, 4, and 8 days. After removal 
of surface tissues and brain, the head was bisected 
along the midline; one-half was fixed in neutralized 
alcohol-formaldehyde (6) and the other half in aque- 
ous formaldehyde saturatéd with barinm hydroxide, 
according to Dziewiatkowski (7). Autoradiographs 
were made by the inversion technique (8, 9), using 
melted Kodak high contrast positive film emulsion. 
The early autoradiographs of animals sacrificed 1, 
2, and 24 hr after the injection of tracer showed little 
penetration in the membranes of the inner ear whereas 
cartilage, bones, and teeth gave strong images (5). At 
2 days, the membrana tectoria (Figs. 3 and 4) was 
positive in tissues fixed in the two different solutions; 


Fic. 1, Autoradiograph of crista acoustica from 8-day-old rat, injected with S*® at 4 days. Inversion technique (x 100). 

Fic. 2. Autoradiograph of macula utriculi from same animal as in Fig. 1. The reaction over the otolithic membrane is 
weak and diffuse (x 100). 

Fic. 3. Autoradiograph of the organ of Corti from 6-day-old rat injected at 4 days with S*®. Notice reactions over mem- 
brana tectoria and bony cochlea. Fixation alcohol-formaldehyde. Inversion technique (x 100). 

Fic. 4. Autoradiograph of the organ of Corti from 10-day-old rat injected at 4 days with S™®. Notice reactions over mem- 
brana tectoria and bony cochlea. Fixation formaldehyde-barium hydroxide. Inversion technique (x 100). 


keratin in gelatinous form, in which are embedded 
numerous fine fibers or threads of uniform size.” Cur- 
rent experiments toward the understanding of the role 
of mucopolysaccharides in mineralization (5) have 
yielded autoradiographic images of S** over the mem- 
branes of the inner ear, with unexpected variations. 
Rats of 4 days of age were injected with 5 micro- 
euries-gram of §*° separated isotope and sacrificed at 


1This work was supported by grants from the National 
Research Council of Canada through the Division of Medical 
Research and the Associate Committee on Dental Research. 
Radiosulfur was provided by Atomic Energy of Canada Ltd. 

2 The author is indebted to Mrs. Cécile Bélanger for skilled 
technique. 
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at 4 and 8 days, it seemed to contain comparable 
amounts of radiosulfur. 

The cupula appeared strongly positive after fixa- 
tion in formaldehyde containing barium hydroxide 
(Fig. 1) and more weakly so after aleohol-formalde- 
hyde. In some instances, with both types of fixative, 
the crista showed no autoradiographic picture, an in- 
dication that the substance containing radiosulfur was 
irregularly retained by the technical process used. 

The otolithic membrane showed only a weak reac- 
tion after both types of fixation (Fig. 3). The picture 
was uniformly diffuse. 
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One animal injected at 10 days of age and sacrificed 
2 days later showed variations from the above men- 
tioned pattern. The reaction over the cupula was most 
intense at the outer border of the apparatus and also 
in the vicinity of the hair cells. Over the membrana 
tectoria, the autoradiographic picture indicated a con- 
centration of S*° in the distal portion of the structure, 
away from the limbus spiraks. 

When stained with toluidine biue, the tectorial mem- 
brane, the otolithie membrane, and the eupula ex- 
hibited metachromasia. The metachromatic reaction of 
the tectorial and otolithie membranes was persistent 
like that of mucus and mast cells after incubation with 
hyaluronidase for 6 hr at pH 5.8 and 37° C. No piec- 
ture of cupula was available from sections treated in 
this fashion. The Chévrémont and Frédérieq reaction 
(10) for the sulfhydryl groups of keratin was nega- 
tive with all three types of membranes. 

In conclusion, it seems that all three membranes 
synthesize organic sulfur compounds. The cupula and 
the membrana tectoria show a larger concentration of 
S®* than the otolithie membrane. The sulfur com- 
pounds formed do not have a rapid turnover. The 
histochemical tests do not reveal the presence of 
keratin in the inner ear but point strongly to the 
existence of sulfo-mucopolysaccharides in all three 
types of membranes. In the tectorial and otolithic 
membranes at least part of these were found to be 
hyaluronidase resistant. 
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The Existence of “Beta” Ice 


Carl Berger and Charles M. Saffer, Jr. 


The Commonwealth Engineering Company of Obio, 
1771 Springfield St., Dayton, Obio 


Seljakov (1-3) has reported the existence of a low- 
temperature modification of ordinary ice (ice I) pre- 
pared at atmospheric pressure, which he has termed 
“beta” ice to distinguish it from normal hexagonal 
or “alpha” ice. He reported that beta ice gave a Laue 
pattern with rhombohedral symmetry different from 
the sixfold symmetry of the hexagonal Laue pattern 
of ordinary ice. The beta ice pattern was observed 
with erystals grown from water at temperatures (am- 
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bient air) in the range —5 to - 16° C. Seljakov further 
assumed that a strong (0002) reflection characterized 
the beta structure and that beta ice was transformed 
into the alpha structure on grinding. 

The existence of this beta iee form has not been 
confirmed by subsequent workers. It is, however, fre- 
quently referred to in the literature as a distinet erys- 
tal form.’ During the course of an ice physics inves- 
tigation conducted for the U.S. Air Force,? we were 
led to consider the validity of Seljakov’s conclusions 
as part of a laboratory investigation of nucleation and 
crystallization of supercooled water. 

It was difficult to follow Seljakov’s experimental 
procedure in detail as it was not explicitly deseribed. 
Following his procedures as closely as possible, how- 
ever, it was found that ice crystals appeared at water 
temperatures of approximately - 2.5 to —-3° C, when 
the ambient air temperature varied between —5 and 
— 16° C. The water was kept in a metal pan and tem- 
perature measurements were made with a thermo- 
couple immersed in the supercooled water. 

These experiments east considerable doubt on the 
assumption implicit in Seljakov’s reports that the 
ambient air temperature is equivalent to, or an indi- 
eation of, the temperature to which the supercooled 
water was cooled before freezing occurred. Further, 
Seljakov has not observed a critical temperature above 
which beta ice is never found. Thus beta ice was ob- 
served (3) (once out of 3 trials) when water was 
frozen at an ambient air temperature ef only -1° C. 
Seljakov also reported the presence of beta ice on the 
surface of lake water. 

In a review article (4) Owston has noted that Sel- 
jakov did not make efforts to test for preferred orien- 
tation ‘in his powder specimens, the probable cause of 
the absence of the (0002) reflection in some photo- 
graphs, and that he took only one rotation photograph. 
Further, in an earlier paper Owston and Lonsdale (5) 
noted that “It is possible to get an apparently pseudo- 
trigonal Laue picture from ordinary hexagonal ice 
when it is misset by a few degrees from the hexagonal 
axis.” 

At our request Dr. Barbara W. Low (6) recently ex- 
amined ice crystals grown at an ambient air tempera- 
ture of —15° C. Her x-ray crystallographic studies 
confirm and elaborate those of Owston and Lonsdale; 
a single erystal gave a pseudotrigonal Laue pat- 
tern when tilted so that the sixfold axis made an angle 
of approximately 15° with the x-ray beam. Ordinary 
ice I (alpha) gives a pseudotrigonal pattern in this 
position because of the numerical relationship between 
the lengths of the a and ¢ axes. The Laue pattern 
arises from two equivalent and one nonequivalent 
zones. The Seljakov pattern (1) itself shows this same 
feature—two identical and one dissimilar elipses. The 
characteristic beta Laue pattern of ice, therefore, may 
be obtained from ordinary alpha ice when it is misset 
in the manner described. 


1 See, for example, Handbook of Chemistry and Physics, 
82nd ed., p. 2225. New York : Chemical Rubber Pub., 1950-51. 
2 U.S. Air Force Contract, AF-33(308)-18687. 
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On the basis of these studies and observations, we 
conclude that there is no evidence to support the 
existence of a beta form of ice. 


References 
1. SELJAKOV, N. Compt. rend. acad. sci. U.R.S.S., 10, 293 
(1936). 
2. ———-. Ibid., 11, 92 (1936). 
3. . Ibid., 14, 181 (1937). 
4. OwsToN, P. G. Quart. Revs. (London), 5, 344 (1951). 
5 
6 


. OwsTON, P. G., and Lonspatp, K. J. Glaciol., 1, 53 (1947). 
. Low, B. W. Personal communication. 


Manuscript received July 16, 1953. 


The Preparation of Gas for Assay of 
Tritium in Organic Compounds? 


K. E. Wilzbach, Louis Kaplan, 
and W. G. Brown 


Argonne National Laboratory, Lemont, Illinois 


A one-step method has been developed for the quan- 
titative conversion of tritium in organic compounds 
to a mixture of methane and hydrogen by heating 
with zine,’ nickelic oxide, and water in a sealed tube 
at 640° C. This mixture has been used for ion current 
measurements and should also be satisfactory for use 
in internal gas counters (/). Results obtained by this 
method are equal in accuracy and reproducibility to 
those obtained by conventional procedures (2-6) based 
on combustion. Furthermore, tritium is retained (to 
the extent of 1.5%) only in the reaction tube, which 
is discarded after a single analysis. The absence of 
“memory” (6,7) and the simplicity of the procedure 
reduce considerably the time per determination, espe- 
cially in the analysis of samples having widely dif- 
ferent concentrations of tritium. 

Reaction tubes 17 em long with break-tips are made 
from 1.l-em OD Pyrex 1720 glass tubing.’ In each 
tube are placed 1 g of zine (Baker and Adamson, 30 
mesh), 100 mg of nickelie oxide (Baker’s Analyzed, 
gray-black powder), 5-6 mg of water, and a 5- to 10- 
mg sample of the tritium compound. Water and liquid 
samples are introduced in small sealed ampules with 
bent tips, solid samples in porcelain boats. The reae- 
tion tubes are constricted, evacuated to a pressure of 
1 mm, sealed off, and agitated until the ampules are 
broken and the contents are evenly distributed. With 
asbestos-covered tongs, the tubes are placed horizon- 
tally in a furnace at 640+10° C and removed after 
3 hr. 


The apparatus shown in Fig. 1 has proved con- 


1A more detailed presentation of this material can be ob- 
tained in an Argonne National Laboratory Document, ANL- 
5056, June, 1953. 

2 This investigation was prompted by the conclusion of T. 
S. Lee, University of Chicago, that in the determination of 
oxygen in organic compounds by heating with zinc, the hydro- 
gen appears as methane or hydrogen. 

* Tubing of Pyrex 1720 glass is available on special order 
from Corning Glass Works, Corning, N. Y. Quartz and Vycor 
are unsatisfactory because of their permeability to hydrogen ; 
ordinary Pyrex 7740 is not sufficiently heat resistant. 
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Fic. 1. Apparatus for analysis of gas samples. 


venient in analysis of the gas samples. A reaction 
tube, A, is placed in tube B, which is then evacuated, 
closed off, and inverted to break the tip of tube A. 
The gas is expanded into an evacuated ionization 
chamber C, of the Borkowski type (5, 8, 9); the frac- 
tion introduced is calculated from the known volumes, 
corrected for the displacement of gas by tube A. 
Alternatively, all the gas may be transferred from 
tube B to the chamber by means of a Toepler pump. 
The chamber is filled to atmospherie pressure by the 
addition of methane and the ion current collected at 
360 v is measured with a vibrating reed electrometer.* 

The results of analyses on representative tritium 
compounds by the zine fusion technique are shown in 


TABLE 1 
Tritium, pe/mM 
Compound* 
Zine fusion? Combustion 
HOT 325.9 +1.1 327.0 
CH,CHTOH 11.65 + 0.06 11.59 
CH,CHTOOCC,H,NO, 11.52 + 0.05 11.59 
CH,CT (OH)CH, 19.74 + 0.08 19.42 
C,H,CHTOH 10.69 + 0.05 10.53 
C,H,CHTOOCC,H,(NO,), 10.72 + 0.04 10.53 
C,H,TCH,—(0) 4.90 + 0.01 4.87 
C,H,CT=NNHC,H,(NO,), 9.69 + 0.01 
BrCH,CHTC,H,NO, 19.89 + 0.15 19.63 
C(CH,).( NO,) CHTC,H,NO, 11.09 + 0.03 10.98 
Cholesterol 15.54 + 0.08 15.31 
Estradiol 28.39 + 0.23 27.52 
Dihydroxypregnanedione 5.35 + 0.01 5.23 
(C,H,;),SiT 182.4 +0.3 184.0% 


* We are indebted to T. F. Gallagher and D. K. Fukushima 
for the samples of tritium-labeled steroids. 

+ Values include a correction of 1.5% for the tritium re- 
tained by the reaction tube. The error is the standard devia- 
tion of several analyses per compound. 

t Hydrogen evolved by alkaline hydrolysis. 

* Applied Physics Corporation, Pasadena, Calif., Model 30. 
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Table 1 to be 101.0+1.1% of those obtained by a pro- 
cedure (5) based on combustion and conversion of the 
water to hydrogen. The standard error of an analysis 
is 0.6% for the zine fusion method and 0.7% for the 
combustion method. 

Additional information on the scope of the method 
has been obtained by experiments in which the reac- 
tion tubes contained tritiated Water and unlabeled or- 
ganic compounds, including pyridine, thiophene, urea, 
cholesterol, and various aromatic and aliphatic amines, 
hydrocarbons, and halides. In such experiments, the 
recovery of tritium as noncondensible gas is a measure 
of the completeness of decomposition of the compound, 
since there is extensive exchange of hydrogen during 
fusion.® With all compounds, except urea and aromatic 
halides, more than 99% of the expected tritum was 

5Incomplete decomposition of Benzyl-a-t alcohol by fusion 


with zine in the absence of nickelic oxide yielded benzene and 
a nonvolatile product, both of which contained tritium, 


found in gas which contained less than 1% of con- 

densible material. With urea and the aromatic halides, 

the gas, which included 1-3% of ammonia and ben- 

zene, respectively, still contained more than 95% of 

the tritium. 
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Book Reviews 


Phosphorus Metabolism: A Symposium on the 
Role of Phosphorus in the Metabolism of Plants 
and Animals, Vol. 11. Sponsored by the MeCollum- 
Pratt Institute of The Johns Hopkins University. 
William D. McElroy and Bentley Glass, Eds. Balti- 
more: Johns Hopkins Press, 1952. 930 pp. Illus. 
$11.00. 


The McCollum-Pratt Institute has performed an 
outstanding service to biochemists in the organization 
of its annual symposia and in the prompt publication 
of the symposium papers. This new volume covers a 
number of topics omitted from the 1951 symposium, 
which was published as Volume I. 

The general subjects included in Volume II are: 
mechanisms of phosphate assimilation in animals and 
plants, the role of phosphate in amino acid and pro- 
tein metabolism, the role of phosphorus in the metabo- 
lism of lipids, the chemistry and metabolism of nucleic 
acids, the role of phosphate in the metabolism of pho- 
tosynthetic and chemoautotrophie organisms, the in- 
fluence of hormones on phosphate metabolism, and 
phosphate metabolism in specialized tissues. These 
topies are covered in a total of 41 papers together with 
a large amount of informative material contributed 
under the general heading “Discussion.” A valuable 
feature of the book is the last chapter, a summary of 
the symposium by Bentley Glass, in which the major 
points are reviewed in some 90 pages. The volume 
closes with author and subject indexes. 

Phosphorus Metabolism, II, presents a summary of 
recent advances in a number of very active fields of 
research and, as such, is of particular value to gradu- 
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ate students and research workers in the biological 
sciences. The chemical element phosphorus forms a 
very tenuous linkage between some of the topics dis- 
eussed, but this very heterogeneity of subject is in 
itself a valuable educational aspect of such a sym- 
posium. 

Because of the many important roles played by 
phosphorus compounds in metabolism, Volumes I and 
II of Phosphorus Metabolism present a rather com- 
prehensive view of biochemical knowledge at the mid 
point of the twentieth century. 

Mark H. Apams 
Department of Microbiology 
New York University Bellevue Medical Center 


Sampling Technique. William G. Cochran. New York : 
Wiley; London: Chapman & Hall, 1953. 330 pp. 
Tilus. $6.50. 


Sample surveys have played an important part in 
government operations for the past 20 years. They 
have served as invaluable research tools whenever ac- 
curate information is needed about a population, with- 
out entailing the comparatively large expense of a 
complete enumeration. Even if a complete enumera- 
tion were possible, it might not be as accurate as a 
good sample survey owing to the necessarily longer 
time for a complete enumeration in which time the 
population might change. Within recent years sample 
survey techniques have become increasingly more im- 
portant in many of the social sciences, business, and 
technical fields. This book, written by a prominent 
statistician, gives a comprehensive outline of modern 
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sampling theory as it has been developed for use in 
sample surveys. 

Professor Cochran is to be commended for not only 
writing an excellent, well-organized exposition of 
sampling, but also for attempting to impart some of 
his own experiences to help the reader develop a “feel” 
for the manner in which sample surveys are used. The 
author succeeds admirably in this respect. The tempo 
of the book is one at which the reader is being led 
through new material, always with Professor Coch- 
ran’s kind but steady guidance. 

Sampling Techniques is written so that the reader 
possessing knowledge of elementary algebra and the 
equivalent of a first course in statistics will be able to 
comprehend most of the material. Among the differ- 
ent techniques discussed are simple random sampling, 
stratified sampling, systematic sampling, subsampling, 
and double sampling. The chapters devoted to ratio 
and regression estimates are particularly well written. 


Illustrating much of the sampling theory are many 
earefully explained, well-chosen examples. Many of 
the exercises completing the chapters consist of real 
data that enable the reader to get the necessary prac- 
tice for a fuller understanding of sampling theory. 
The book is carefully documented with’ many up-to- 
date references. 

The main emphasis is to help the reader attain a 
grasp of sampling theory without being bogged down 
with too many mathematical details. There is much 
in this well-written book to recommend it to practicing 
statisticians, students of statisties, and those who wish 
to learn about sampling through individual study. 
This volume will long remain a classic in the field of 
sample surveys. 

Marvin ZELEN 
Statistical Engineering Laboratory 
National Bureau of Standards 
Washington, D. C. 


Association Affairs 


AAAS Symposia at the Boston Meeting 


Raymond L. Taylor 
Associate Administrative Secretary, AAAS 


ScrENTIsTs well established in their fields and young 
specialists alike have come to anticipate the AAAS 
symposia which have become an increasingly important 
aspect of the annual meetings of the Association. 
Characteristically, AAAS symposia explore relatively 
neglected areas of scientific inquiry or constitute up- 
to-date surveys of knowledge in particular fields. Such 
programs are significant and valuable because they 
foeus attention upon critical areas, summarize the 
present status of current research, and provide posi- 
tions from which to direct further research. Typically, 
these programs originate in the minds of the officers 
of the eighteen sections and subsections of the Asso- 
ciation and are developed by them, either personally 
or by others deputized as program chairmen. Often the 
sectional symposia are concerned with interdiscipli- 
nary problems and are sponsored by two or more sec- 
tions; participating societies also may collaborate. If 
the potential demand warrants it, the papers of such 
programs are gathered together and published by the 
Assoeiation as symposium volumes. 

In recent years there has become established the 
practice of arranging, for each annual meeting, sev- 
eral symposia of especially wide interest or timeliness. 
The responsibility for developing these general sym- 
posia, sponsored by the Association as a whole, rests 
upon the AAAS Symposium Committee, appointed 
each year by the president of the Association. Upon 
occasion, a proposed sectional program may be chosen 
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to be developed as a general symposium; more com- 
monly, the Symposium Committee, which represents a 
variety of scientific fields, plans and arranges these 
general sessions itself. The Committee may invoke the 
aid of consultants and appoint others to implement the 
general symposia. 

This year the Symposium Committee consists of 
E. U. Condon, director of research, Corning Glass 
Works, and president, AAAS (chairman); Frank A. 
Beach, professor of psychology, Yale University, and 
vice president for AAAS Section I; Bart J. Bok, 
associate director, Harvard College Observatory, and 
vice president for AAAS Section D; Charles D. 
Coryell, professor of chemistry, Massachusetts Insti- 
tute of Technology; A. M. Gaudin, professor of min- 
eral engineering, Massachusetts Institute of Technol- 
ogy; A. Baird Hastings, professor of biological 
chemistry, Harvard Medical School; Jerome C. Hun- 
saker, professor emeritus of aeronautical engineering, 
Massachusetts Institute of Technology; James R. Kil- 
lian, Jr., president, Massachusetts Institute of Tech- 
nology; Paul C. Mangelsdorf, director, Botanical 
Museum, Harvard University; Philip M. Morse, pro- 
fessor of physics, Massachusetts Institute of Tech- 
nology; Alfred C. Redfield, associate director, Woods 
Hole Oceanographic Institution; Francis 0. Schmitt, 
head, Department of ‘Biology, Massachusetts Institute 
of Technology; Earl P. Stevenson, president, Arthur 
D. Little, Inc., and general chairman, Seventh Boston 
Meeting; George B. Wislocki, professor of anatomy, 
Harvard Medical School; and Raymond L. Taylor 
(secretary). 

Of the general symposia at this 120th meeting of 
the Association, “Species Which Feed Mankind” was 
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suggested by Paul C. Mangelsdorf and “The Sea 
Frontier” was proposed originally by James B. 
Conant. 


General Symposia 
I. Species Which Feed Mankind. Arranged by Paul C. 
Mangelsdorf, director, Botanical Museum, Harvard 
University, and M. R. Irwin, professor of genetics, 
University of Wisconsin. ~. 
Part 1. Plant Species. 9:30 a.M., Sunday, Dec. 27; Paul 
Revere Hall, Mechanics Building. 


Karl 8. Quisenberry, assistant chief, Bureau of 
Plant Industry, U.S.D.A., Presiding 


A. The World’s Principal Food Plants. Karl 8. 

Quisenberry. 

B. America’s Principal Food Species: Zea mays 

1, Origin and Evolution of Maize. Paul C. Man- 
gelsdorf. 

2. The Nature of Variation in Maize. Edgar 
Anderson, associate director, Missouri Botani- 
eal Garden. 

3. The Inflorescences of Maize. O. T. Bonnet, 
professor of plant genetics, University of IIli- 
nois. 

4. Chromosomes, Cytoplasm, and Mutations in 

‘Maize. Mareus M. Rhoades, professor of bot- 
any, University of Illinois. 

Part 2. Animal Species. 2:00 P.M., Sunday, Dec. 27; 
Paul Revere Hall, Mechanics Building. 


Roy C. Newton, vice president, Swift & Company, 
Presiding 
A. Agriculture versus Chemistry in the Nutrition of 
Man. Frederick J. Stare, professor of nutrition, 
Harvard School of Public Health. 
B. Animal Species Which Feed Mankind 
1. The Role of Nutrition. L. A. Maynard, direc- 
tor, School of Nutrition, Cornell University. 
2. The Role of Physiology. 8. A. Asdell, profes- 
sor of animal physiology, Cornell University. 
3. The Role of Genetics. T. C. Byerly, director 
of animal and poultry research, Bureau of 
Animal Industry, U.8.D.A. 


II. The Sea Frontier. Arranged by Alfred C. Redfield, as- 
sociate director, Woods Hole Oceanographic Institu- 
tion, and Jerome C. Hunsaker, professor emeritus of 
aeronautical engineering, Massachusetts Institute of 
Technology. 

Part 1. 9:30 a.m., Tuesday, Dec. 29; Paul Revere Hall, 
Mechanies Building. 


Henry B. Bigelow, curator of oceanography, 
Harvard University, Presiding 


1. The Origin of Ocean Water. William W. Rubey, 
staff geologist, U.S. Geological Survey. (lantern, 
30 min.) 

2. Some Recent Results in Geology and Physical 
Geography of Ocean Basins. W. Maurice Ewing, 
professor of geology, Columbia University. (lan- 
tern, 30 min.) 

3. The Sea as a Productive System. Alfred C. Red- 
field, Woods Hole Oceanographic Institution. (lan- 
tern, 30 min.) 

4. Bielogical Resources of the Sea in Relation to Man. 
Lionel A. Walford, chief, Branch of Fishery Biol- 
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ogy, U.S. Fish and Wildlife Service. (lantern, 30 
min.) 

Part 2. 2:00 p.m., Tuesday, Dec. 29; Paul Revere Hall, 
Mechanics Building. 


Karl T. Compton, chairman of the Corporation, 
Massachusettts Institute of Technology, Presiding 


1. The Edge of the Sea. Rachel L. Carson, Silver 
Spring, Maryland. (lantern, 30 min.) 

2. The Continental Shelf. Henry C. Stetson, research 
oceanographer, Harvard University. (lantern, 30 
min. ) 

3. Fresh Water from the Sea. Robert V. Kleinschmidt, 
consulting engineer, Boston. (lantern, 30 min.) 

4. Shores and Their Sands. Frederick K. Morris, Air 
University and Massachusetts Institute of Tech- 
nology. (lantern, 30 min.) 

5. Making Ore Reserves. Antoine M. Gaudin, profes- 
sor of mineral engineering, Massachusetts Insti- 
tute of Technology. (lantern, 30 min.) 


Sectional Symposia 
B—Physics 
Physics of the Upper Atmosphere (two sessions) ; ar- 
ranged by G. G. Harvey. 
Physies in Biology (two sessions) ; arranged by Rich- 
ard S. Bear. 


C—Chemistry 
Comparative Nutrition Requirements of Animal Spe- 
cies (two sessions); arranged by Robert 8. Harris 
and Frederick J. Stare. 
Chemicals in Food (one session) ; arranged by Charles 
N. Frey. 
Recent Advances in Feod Technology (one session) ; 
arranged by Bernard E. Proctor. 
Growth and Nutrition of Plants (one session); ar- 
ranged by P. W. Zimmerman. 
Chemistry of the Sea as Related to Food Problems (one 
session) ; arranged by Harold J. Humm. 


D—Astronomy 
Current Progress in Radio Astronomy (three sessions) ; 
arranged by Bart J. Bok. 
Origin of Meteorites (three sessions); arranged by 
H. H. Uhlig and F. L. Whipple. 


E—Geology and Geography 
New England Geology (two sessions); arranged by 
Louis W. Currier. 
Water for Industry (two sessions) ; arranged by Jack 
B. Graham and Meredith F. Burrill. 
The Metropolis (one session); arranged by Victor 
Roterus. 


G—Botanical Sciences 
Second National Pollen Conference (three sessions) ; 
arranged by Stanley A. Cain. 
The Uses of Large Scale Algal Cultures (two sessions) ; 
arranged by Barry Commoner. 


H—Anthropology 

Theoretical Models for the Study of Culture Change 
(one session) ; arranged by Evon Z. Vogt. 

The Indians of New England: Their Archaeology and 
Ethnology (one session); arranged by Douglas 8. 
Byers. 

Nonhuman Primates and the Problems of Human Evo- 
lution (two sessions); arranged by James A. Gavan. 
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I—Psychology 

Experimental Approaches to the Study of Brain Fune- 
tion (one session) ; arranged by Walter A. Rosenblith. 

Comparative Studies of Social Behavior (one session) ; 
arranged by Burton 8. Rosner. 

Human Engineering and Information Theory (one ses- 
sion); arranged by Leonard C. Mead. 

8 y Ps s (one session); arranged by Edwin 
B. Newman. 


K—Social and Economic Sciences 

The Scientist in American Society (two sessions) ; ar- 
ranged by a committee of Section K, Conrad Taeuber, 
chairman, and a subcommittee of the Symposium Com- 
mittee, Charles D. Coryell, chairman. 

Regional Analysis (one session); arranged by Walter 
Isard. 

The Economic State of New England (three sessions) ; 
arranged by Sumner H. Slichter and Walter Isard. 


L—History and Philosophy of Science 

Validation of Scientific Theories (one session); ar- 
ranged by Philipp G. Frank. 

Science and Its History: Three Currents of Interpre- 
tation (one session) ; arranged by Henry Guerlac. 
Art and Science (one session) ; arranged by I. Bernard 
Cohen. 

New Developments in Psychology of Thought (one ses 
sion) ; arranged by J. S. Bruner. 

Science and General Education (one session) ; arranged 
by Raymond J. Seeger. 


M—Engineering 
Communication Aids for the Blind (one session) ; ar- 
ranged by Eugene F. Murphy. 
Conservation of Human Resources: Highway Safety 
(two sessions) ; arranged by Irving P. Orens. 


Nm—Medicine 
Antimetabolites and Cancer (four sessions) ; arranged 
by Allan D. Bass and Cornelius P. Rhoads. 


Nd—Dentistry 

Recent Animal Experimentations in Caries Research 
(one session) ; arranged by Reidar F. Sognnaes. 

Pathologie Disturbances of the Dental Pulp Resulting 
from Dental Operative Procedures (one session) ; ar- 
ranged by Helmut A. Zander. 

Periodontia (one session) ; arranged by Irving Glick- 
man, 


Np—Pharmacy 
Professional Resources in Pharmacy in the United 
States (one session) ; arranged by George F. Archam- 
bault. 
Accreditation of Hospitals: Its Effect on Pharmaceu- 
tical Services and Better Patient Care (one session) ; 
arranged by George F. Archambault. 


O—Agriculture 
Agronomic Problems of the Northeastern States (four 
sessions); arranged by Karl S. Quisenberry and C. 
E. Millar. 


P—Industrial Science 
Identification and Development of Senior Executives 
in American Industry: Contributions of Modern Sci- 
ence (two sessions); arranged by the Section Com- 
mittee, Francis J. Curtis, chairman, and Allen T. 
Bonnell, secretary. 
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Q—Education 

The Next Generation of Young Scientists and Their 
Science Teachers (one session); arranged by Morris 
Meister. 

The Prediction of Child Development and Its Educa- 
tional Implications (one session) ; arranged by J. R. 
Wittenborn. 

Why Teachers Do and Do Not Use Films (one session) ; 
arranged by Mark A. May. 

Visual Efficiency in Industry (two sessions) ; arranged 
by N. Franklin Stump. 

Research on Higher Mental Processes (one session) ; 
arranged by Gerald V. Lannholm. 


Symposia of the Participating Societies 
Among the paper-reading sessions, seminars, and other 
events of the more than sixty participating societies and 
other organizations, are the following symposia: 


American Society of Zoologists 
Bioluminescence as a Tool in the Study of Cell Proc- 
esses (one session); arranged by E. Newton Harvey. 


Society of Systematic Zoology 
The Phoronidea, Bryozoa and Entoprocta, and Brachio- 
poda: Their Status as Phyla and Their Relationships 
(one session) ; arranged by Waldo L. Schmitt. 
Nomenclature: Results of the Sessions at the Copen- 
hagen Congress (one session); arranged by R. E. 
Blackwelder and J. A. Peters. 
The Subspecies versus the Cline: Their Biological and 
Nomencelatural Significance (one session); arranged 
by J. A. Peters. 


American Society of Human Genetics et al. 
Human Geneties and Medical Education (one sessivn) : 
arranged by Madge T. Macklin. 
Genetic Factors Affecting Intelligence (one session) ; 
arranged by Frederick Osborn. 
Genetics and the Races of Man (one session) ; arranged 
by William C. Boyd. 


American Society of Naturalists and 

Genetics Society of America 
Some Biological Effects, of Radiation from Nuclear 
Detonations (one session); arranged by Alexander 
Hollaender. 


National Academy of Economics and Political Science 
Scientific Research and National Security (one ses- 
sion) ; arranged by Amos E. Taylor. 


Society for the Advancement of Criminology 
A Scientific Approach to the Problems of Delinquency 
(one session) ; arranged by Donal E. J. MacNamara. 


American Association of Hospital Consultants 
The Research Function of the Hospital (one session) ; 
arranged by E. M. Bluestone. 


American Book Publishers Council, 

American Textbook Publishers Institute, and AAAS 
Transmission of Ideas (two sessions); arranged by 
William E. Spaulding, John A. Behnke, and Richard 
H. Thornton. 


Summary of Participating Organizations 
With sessions of their own 
AAAS Committee for Social Physics 
AAAS Cooperative Committee on the Teaching of 
Science and Mathematics 
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Academy Conference 

Alpha Chi Sigma 

Alpha Epsilon Delta 

American Academy of Forensic Sciences 
American Association of Hospital Consultants 
American Book Publishers Council 
American Geophysical Union 

American Industrial Hygiene Association 
American Meteorological Society 

American Nature Study Society 

American Psychiatrie Association 

American Society of Human Genetics 
American Society of Naturalists 

American Society of Zoologists 

Beta Beta Beta 

Conference on Scientific Editorial Problems II 
Conference on Scientific Manpower III 
Genetics Society of America 

Herpetologists League 

History of Science Society 

Honor Society of Phi Kappa Phi 
Massachusetts Zoological Society 

National Academy of Economies and Political Science 
National Association of Biology Teachers 
National Association of Science Writers 
National Geographic Society 

National Science Teachers Association 
National Speleological Society 

Philosophy of Science Association 

Pi Gamma Mu 

Scientific Research Society of America 
Sigma Pi Sigma 

Society for the Advancement of Criminology 
Society for the Study of Evolution 


The AAAS Cooperative Committee on the 


Teaching of Science and Mathematics 
A Report on Recent Activities 


THE Cooperative Committee was organized in 1941 
by representatives of several scientific societies to 
work on educational problems, the solution of which 
can be attained better by cooperative action than by 
any single scientific group working alone. Initially 
consisting of the representatives of five professional 
societies in several fields of science and science teach- 
ing, the Committee has grown to include representa- 
tion from eighteen professional organizations. The 
present Committee Chairman is Morris Meister, Bronx 
High School of Science, and the Secretary is Bernard 
B. Watson, Operations Research Office, Johns Hop- 
kins University. 

The member societies and their representatives are : 

American Association of Physics Teachers: Bernard 
B. Watson, Operations Research Office, Johns Hop- 
kins University. 

American Astronomical Society: Thornton Page, 
Operations Research Office, Johns Hopkins Univer- 
sity. 

American Chemical Society: C. H. Sorum, Univer- 
sity of Wisconsin. 

American Geological Institute: Arthur L. Howland, 
Northwestern University. 
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Society of Exploration Geophysicists 
Society of Systematic Zoology 
Society of the Sigma Xi 

United Chapters of Phi Beta Kappa 


Cosponsors 

American Academy of Arts and Sciences 

American Association of Colleges of Pharmacy 

American College of Apothecaries 

American Drug Manufacturers Association 

American Educational Research Association 

American Eugenics Society 

American Institute of Nutrition 

American Pharmaceutical Association, Scientific See- 
tion 

American Pharmaceutical Manufacturers Association 

American Society of Hospital Pharmacists 

American Society of Plant Physiologists, New England 
Section 

American Textbook Publishers Institute 

Association of American Geographers, New England 
Division 

Ecological Society of America 

Engineering Manpower Commission 

Geological Society of America 

Institute for the Unity of Science 

International Association for Dental Research, North 
American Division 

National Planning Association, New England Commit- 
tee 

National Research Council 

National Science Foundation 

New England Council 

Scientific Manpower Commission 


American Institute of Physics: J. W. Buchta, Uni- 
versity of Minnesota. 

American Nature Study Society: Richard L. Wea- 
ver, University of Michigan. 

American Society for Engineering Education: Mil- 
ton O. Schmidt, University of Illinois. 

American Society of Zoologists: L. V. Domm, Loy- 
ola University, Chicago. 

Botanical Society of America: Glenn W. Blaydes, 
Ohio State University. 

Central Association of Science and Mathematics 
Teachers: Donald W. Lentz, Parma (Ohio) Public 
Schools. 

Division of Chemical Education of the American 
Chemical Society: Laurence L. Quill, Michigan State 
College. 

Executive Committee of the AAAS: Duane Roller, 
Hughes Aircraft Company. 

Mathematical Association of America: J. R. Mayor, 
University of Wisconsin. 

National Association of Biology Teachers: Prevo L. 
Whitaker, Indiana University. 

National Association for Research in Science Teach- 
ing: George G. Mallinson, Western Michigan College 
of Education. 

National Council of Teachers of Mathematics: 
George E. Hawkins, Lyons Township High School 
and Junior College, LaGrange, Illinois. 
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National Science Teachers Association: 
Meister, Bronx High School of Science. 

Section Q (Education), AAAS: Francis D. Curtis, 
University of Michigan. 


Morris 


The Committee has given its attention to a number 
of major problems in the fields of science and mathe- 
matics teaching at the elementary, secondary, and 
higher educational levels. It has prepared and pub- 
lished reports embodying its views and recommenda- 
tions in connection with these problems. 

During the war the Committee issued a report on 
High School Science and Mathematics in Relation to 
the Manpower Problem. Shortly after the termination 
of the war it issued a report on The Preparation of 
High School Science and Mathematics Teachers, and 
recommended improved certification standards for 
teachers in these fields. 

Among its most ambitious projects have been the 
preparation of two reports at the request of govern- 
mental bodies. One was prepared for UNESCO as 
an aid in rebuilding the instructional laboratories of 
the devastated nations of Europe and was concerned 
with the nature and organization of American science 
education, with particular reference to instructional 
equipment. The other was prepared at the request of 
John R. Steelman, Chairman of the President’s Sci- 
entific Research Board, and was concerned with The 
Present Effectiveness of Our Schools in the Training 
of Scientists. It appeared in Science and Public Policy 
(Steelman Report), a report to the President by the 
President’s Scientific Research Board. 

Another activity of the Committee has been the 
sponsorship at each Annual Meeting of the AAAS of 
a symposium on some aspect of science teaching. In 
addition, each fall for the past three years, the Com- 
mittee has collaborated with the U.S. Office of Edu- 
eation in arranging a conference to which are invited 
representative school administrators and science teach- 
ers for an exchange of views on some important prob- 
lem in science education or in the preparation of 
science teachers. 

During the past year the Committee has been con- 
cerned with the development, improvement, and utili- 
zation of techniques for the early recognition of sci- 
ence-talented youth. It has been concerned also with 
the improvement of the quality of educational experi- 
ences provided for such young people. The last joint 
conference of the Cooperative Committee and the U.S. 
Office of Education addressed itself to this general 
theme, and following that conference the Committee 
issued a statement of its views in connection with the 
training of personnel with high level ability in the 
fields of science and mathematics.. The Committee 
believes 


1. That the proper development of such person- 
nel is essential to the welfare of the nation; 
especially so, in view of the critical shortage 
of seientists and engineers, the present and 


anticipated demands of a technological age, 
and the state of international tension. 

. That equality of educational opportunity is 
basic to democracy; and that that implies an 
opportunity for every. individual to attain his 
own maximum achievement. 

. That we cannot afford to continue the result- 
ing loss to society in high quality human re- 
sources and creative contributions. 

That current general practices for identifying 
and developing students with high aptitude in 
science and mathematics are inadequate. 

. That many tested and successful practices are 
being used for the early identification and 
proper development of students with high ap- 
titude. These practices should be made widely 
known. 

. That schools and colleges should be urged 
te modify administration, curricula, guidance, 
and teaching facilities and procedures so as 
to facilitate widespread use of these successful 
practices. 

. That inadequate educational provisions for 
youth of high promise cause difficulties in co- 
ordinating school and college education. 
That teacher training institutions and school 
systems should give greater recognition to the 
need for teachers qualified to teach students 
of top-level ability. 


A further activity of the Committee reflecting its 
concern for the education of students of high ability 
has been its cooperation with the Ford Foundation’s 
School and College Study of Admission with Ad- 
vanced Standing in reviewing the courses of study 
developed in the sciences and mathematics. The School 
and College Study is seeking to provide an enriched 
educational experience for students of high academic 
ability while achieving, at the same time, a reduction 
in the total time requiredsfor such students to com- 
plete their high school and college work. Twelve col- 
leges and an equal number of secondary schools are 
cooperating in the Study. Courses of study have been 
developed in eleven subject matter fields offered at the 
first-year college level. The scientific fields represented 
are biology, chemistry, physics, and mathematics. The 
courses of study developed in the project are being 
introduced this fall on a pilot basis in several of the 
participating high schools. Students successfully com- 
pleting one or more of the courses will have had the 
equivalent of the first-year eollege courses in the sub- 
jects taken and will be given advanced standing in 
these subjects upon admission to the participating 
colleges. It is expected that colleges outside of the 
participating group may extend similar consideration 
to students completing the prescribed courses. 


BERNARD B. WATSON 
Secretary 
The AAAS Cooperative Committee 
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